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ABSTRACT

The process of probing and measuring an HF channel for use in
a stored channel simulator will prove useful only when the investi-
gator has some knowledge of the channel conditions. Of particula;
interest are the chamnel Doppler characteristics and multipath
structure. The operations required to provide a measure of these
parameters include: (1) complex channel reconstruction; (2) pre-
filtering to improve delay resolution; (3) channel snapshot genera-
tion; and (4) Doppler estimation. A set of flexible Fortran
programs which meet these specifications are described in detail.
Software verification is achieved by means of a program generated
single sideband HF test chammel. In addition, programming changes
to the previously reported channel measurement and reproduction
software are documented. These result in significant decreases in
computation time.
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 SECTION 1

INTRODUCTION AND REPORT SUMMARY '

The results of probing and measuring an HF channel can be
employed, ostensibly, to test communications systems over actual
channels without resorting to full field experiment. 1If tests
are conducted with the results of many channel soundings, a com-
prehensive picture of total system performance may evolve. Critical
to this evaluation, however, is an awareness of the characteristics
of the measured channel. Specifically, channel definition by means
of its multipath structure and Doppler width is important.

In Section 3 of this report, we describe a software system
capable of reducing the data on a channel probing tape to a mean-
ingful set of parameter values. These include delay power density,
Doppler power density, rms multipath spread, rms Doppler spread, :
and mean Doppler shift. 1In addition, modifications to the channel
measurement and reproduction software (Part 1 of this report), which
result in less execution time, are described in Section 2.

Throughout this report, we frequently refer to a set of pro=-
grams which are printed in Part 1 of this final report, dated
15 May 1974. Each of these programs can be easily distinguished
since they appear in Appendix P of that report (Figures P.l to P.22).

|
|
|
|
!
[
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[* : _ .SECTION 2

CHANNEL MEASUREMENT AND CHANNEL PLAYBACK SOFTWARE MODIFICATIONS
[

In Part 1 of this final report (covering the period 15 October 1973
to 14 April 1974), we discussed in some detail the concept of a stored
channel simulator capable of measuring and reproducing a linear time-
variant HF channel over a finite bandwidth. To demonstrate the stored
channel technique, a set of Fortran programs were written which covered
four major simulator topics: 1) probing signal generation; 2) channel -
measurement; 3) channel playback; and 4) simulator verification by
means of a deterministic time-varying test channel. '

Although no specific fidelity criteria for channel reproduction

1 was adopted, empirical evidence suggested that the deterioration
resulting from all self-noise sources (dc crosstalk, harmonic cross-
talk, computational inaccuracies) was more than 70 dB below the desired
signal. Unfortunately, the programs took prohibitively long periods

of time to process useful quantities of data (30 seconds to 1 minute).
In the following sections we will briefly describe the modifications
made to the channel measurement and channel playback software to

achieve a significant reduction in execution time.

2.1 cChannel Measurement Software

The program which performs the channel measurement function is

-f entitled RECDll. It is identical in operation to the program REC2

! as described in the first part of this report. However, REC2 requires
approximately 40 hours of CPU time to process one minute of data — a

EE)
v~

real t}me expansion factor of 2400. 1In contrast, RECDll will massage
the same quantity of data in 3.5 hours — a real time expansion factor
of 210. Although much of this improvement can be attributed to NRL's
recently acquired PDP-11/45 floating point processor, a 50% time

e

savings has been achieved through software changes.
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I“ A listing of RECD1l appears in Figure A.l. Observe that, at
l the output data file he wishes to create on magnetic tape. Each

the beginning of execution,'the user is askéd to input the name of 1
|

|

! record of this file will contain one measured snapshot (of length

! 255 samples) of the channel impulse response. As an example, suppose |
{

§; the desired name is CHANNL.DAT. The user simply types CHANNL since

§ the program always appends .DAT. The only other additional input

Two subroutines are called by RECDLl which were not accessed
by REC2. Subroutine STASH (Figure A.2) is called with the following

J
|
|
1'3 required by the program is the number of snapshots to be processed. i
;
syntax: j

CALL STASH(IJKM,ICSDR)

STASH simply places the value of IJKM in the address specified by j
the variable ICSDR. In this program, ICSDR='"177570 which corres- ' !
ponds to the address of the display register on the PDP-11/45, and i
IJKM contains the number of snapshots which have been written on }
magnetic tape. This gives the user an indication of the amount of g
data processed without having to resort to the use of a device such

as the keyboard (whose device driver alone is 600 words).

Assembly language subroutine LOOP (Figure A.4) only replaces
seven lines of code in REC2. However, since much of the program's ]
time is spent executing those lines, their replacement by LOOP de- 1
creased execution time by a factor of 2. It achieves its speed by

making very efficient use of the floating point processor.

TESTD.DAT is the name of the input data file for RECDll. Each :
record of the file must contain 510 samples of channel data (510 sam= é

ples have a time duration equivalent to two times the inverse of the
snapshot rate). However, data derived from NRL channel probing
experiments is recorded in 1000-word 12-bit packed blocks on magnetic
tape by MTIN (Figure A.5). 1In order to be used, this data must be
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s

[ reformatted so that it becomes compatible with the requirements of
RECD11l. FORM1A  (Figure A.6) accomplishes this objective. 1In additiom,
{ it positions the data before executing by skipping a user specified
number of files and 1000-word records. Subsequently, FORMIA performs
the following functions:

(1) Reads channel data in 1000-word 12-bit packed blocks
from magnetic tape using call to the NRL supplied
input routine MTIN. The data is left-justified in
a 1000-word integer array IAR.

(2) The data in each wonﬂ of IAR is shifted right by four.
bits for normalization. Since the data is recorded in

offset binary, '"4000 is subtracted from each word.

(3) 1IAR is then converted to floating point and appro~-

priately placed in array X (of dimension greater
than 1000). ‘

(4) X is reformatted into 510 word blocks and written on
magnetic tape under the file name TESTD.DAT. §

FORM1A replaces FORM1l which appeared in Figure P.5 of the
first report. As its predecessor, FORMIA used modulus arithmetic

R ey T T,
——

R U

and treats the data storage vector X as though it were circular.

In this way, no internal data moves need be performed =~ allowing

[ the programs to execute more quickly than might normally be expected.
g One additional feature has been included which forces FORMIA to print
!

the magnetic tape status word on device 6 should an error occur

e e bt

| during a read. @

operations. Its call must have the syntax LSH(IWORD,J), where IWORD

Function LSH (Figure A.3) is used by FORMIA to perform shifting s

!1 a
is an integer variable to be shifted left by J bits. As an cxample, 4
1

i

for J= -4, the contents of IWORD are shifted right by four bits.




2.2 Channel Playback Software

The task of decreasing execution time for the channel playback
software requires a more sophisticated approach than that required
for the channel measurement software. The approaches necessarily
differ because the sources of wasted time in the two sets of software
differ. 1In the channel measurement case, certain Fortran statements
were consuming huge amounts of CPU time; in the channel playback situ-
ation, large amounts of time are spent preparing and transferring data
from program storage to intermediate data storage on disk files. This

was originally necessitated by the insufficient core storage available
(20K words) on the NRL PDP-11/45. '

| The original playback program PLAY2 is listed in Figure P.1ll of
the first report. It suffers from the extraordinary complexity
rendered by the use of five data files. This is abundantly obvious
when PLAY2 1s compared to a completely equivalent program, PLAY,
designed to run on the PDP-10, PLAY is listed in Figure P.22. It
seems clear that the only way to effectively speed program execution
is to allow most intermediate data to remain in core. To this end,
we have adopted an overlay program structure.

In order to eschew any proclivity toward prolixity, we will
not discuss the numerous revisions necessary before working software
was completed. Merely observe that overlaying by itself is not

sufficient. More surreptitious means for saving storage are required.

PLAY2 defines the files to be used by calls to the Fortran
subroutine SETFIL. SETFIL is used instead of ASSIGN because random
access files are needed. Each call to SETFIL requires about 20 words,
while SETFIL itself 15 approximately 250 words long. Thus, just
setting the five files in PLAY2 requires 350 words of PDP-11/45 core.
In addition, we determined than only three devices were required in
the overlayed program: 1) PLAYD.DAT is the file that contains data

2-4




to be played through the channel; 2) RECDT.DAT contains the trans-
form of the recorded channel snapshots; and 3) PROCD.DAT contains

the processed data. In addition, the device table on the PDP-11/45
requires 19 words of storage for each logical unit number independent
of whether it is used. Since there is nominally provision for eight
logical units, we could conceivably remove five logical unit numbers
for the overlayed programs and form what we might term a minimum
device table.

Taking this discussion to its logical conclusion, we can place
the file names directly in the minimum device table and thereby eli-
minate the need for program SETFIL, five calls to SETFIL, five un=
necessary logical unit numbers, and 435 words. A listing for the
device table MINDEV, which accomplishes this objective, appears in
A.7. 1t assigns PLAYD.DAT to logical unit number 1 on disk unit O,
and RECDT.DAT to logical unit number 2 on magnetic tape unit 0. The
third file, PROCD.DAT, is assigned to logical unit number 3 and device
unit number 1 on either disk or magnetic tape. ' The device chosen
depends on the output of a conditional assembly. The user required

alteration can be gleaned from the program listings.

Another source of wasted core involves the Fortran I/0 package
and its interface with the Fortran error handling routines. We i
decided to put all the device reads and writes in the smal}est over- a
lay segment and to eliminate any I/0 from the root segment and the '
remaining overlay segments. Unfortunately, the Fortran error pro-
cessor requires a good deal of the Fortran I/0 package and, of course,
it necessarily must appear in the root segment. Program ERRF
(Figure A.8) allows us to circumvent this problem by replacing :
the Fortran entry points ERR, ERRA, ERRB, ERRC, ERRF with a set of
entry points in ERRF. In case an error occurs, the program puts a
message of the form F030 ABC XYZ on the keyboard. 1In this case,
ABC = error class, XYZ=error number (both in octal). It writes on




the keyboard without requiring a buffer allocation by taking advantage
’ of a resident monitor program. In addition, ERRF has another entry

l . point ERROOO which can be employed for additional error indications.
ERFF saves over 1000 words of storage.

. Figure 2.1 depicts the overlay structure used by the program.

Q ~ The root segment PILAY1ll (Figure A.9) has three branches. Branch B
contains subroutine LAGINT in file LAGl. LAGINT appars in Figure P.8
of the first report. Branch C contains subroutines SUBl (Figure A.10),
ZWRITE (Figure A.1ll), and SUB2 (Figure A.l1l2). Branch D contains sub-
routine FFTOVR (Figure A.13) which, in turn, calls two overlay segments.
: Branch E contains subroutine FFT (Figure A.14) and Branch F contains

@ subroutine REALTR (Figure A.15). A Fortran equivalent of assembly

nt language subroutine SUEZ appears in Figure A.16., All of these pro=-

i grams must be linked together with the aid of the overlay description

: file PLAY11.0DL listed in Figure A.l7.

% As a result of the programming changes, the channel playback
software now requires that the data to be played through the channel
be formatted in 255-word records instead of the 765-word records

I required in the old software. However, this requires only a change
LF in a parameter in program FORM2 (Figure P.12).

e
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SECTION 3

DELAY SPREAD AND DOPPLER WIDTH CHARACTERIZATION
OF CHANNEL MEASUREMENT RECORDINGS

During the course of this program, two separate probings of the
HF channel have resulted in several magnetic tapes of channel soundings.
It is difficult to use these tapes for other experimental work (such
as modem development) without some knowledge of the character of the
channel they represent. Exclusive of additive noise interference,
two commonly used characterization parameters are multipatih spread
and Doppler width. We shall discuss a set of Fortran programs which
are capable of extracting some measure of these parameters from the
channel probing tapes.

3.1 System Background

Part 1 of this report contains a discussion of the constraints
placed on the charmnel measurement process by both the details of the
NRL single-sideband (SSB) transceiver and the specifics of the probing
signal (Sections 2 and 5). However, we can summarize their combined
effect on an ideally white probing of the channel by the spectral
shape presented in Figure 3.1. Although the long flat regions of
the spectrum allow channel characterl zation over a broad bandwidth,
the fast spectral rolloff at the band edges adds several milliseconds
of multipath spread to the multipath actually contributed by the
channel.

For the purposes of the channel measurement and playback
recordings previously described, it is important to maintain a
'broadbgnd "total" channel characterization in order that the data
used during playback be a fair example of the information trans-
mission effects to be encountered. We are interested in categorizing
the transmission medium; thérefore, we must reduce as much as possible

the effects of the transceiver filters and the spectral weighting of

3-1
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Figure 3.2 Spectral Shape Used to Improve Delay Resolution
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the probe sigﬁal. One spectral shape which accomplishes this
objective and which can be applied to a baseband signal, z(t),
appears in Figure 3.2. It is straightforward to show that the
impulse response of this filter is '

sinﬂwlt cosnwlt

ztz) (3.1)

X, (t) =
ﬂt(l-wl

which, when sampled at a Zwl rate, becomes

(k) 1 ; k=0

x re—

12w

1- ..-12 . = ' .

) 2 ; k=42 | . (3.2)
0 ; elsewhere

The only additional processing required before the channel
measurement procedure can begin involves reconstruction of the
complex SSB demodulated output, x(t), where

J(w_t+8) :
z(t) = Re[x(t) e off ] (3.3)

where 6 and Wogg 8re, respectively, phase and frequency offsets
between the receiver and transmitter filters. Assumling that LAY

1s small compared to any dead zone around dc in Figures 3.1 and 3.2,
then we can say that |

- J( +6) '
2(t) + § 3(t) = x(t) e  OFf (3.4)

where z(t) is the Hilbert transform of z(t).

Of course, we could have formed the complex signal z(t) + ) z2(t)
before weighting by the SSB equivalent of the spectrum in Figure 3.2,

However, software considerations were preeminent in the rejection
of this procedure.




Ve

3.2 Software

A block diagram of the required software is given in Figure 3.3.
Observe that we have decreased the order of the interpolator used
during channel measurement from a fourth-order Lagrange to a second-
order Lagrange. This was necessitated by the interplay between the
higher cofa requirements for complex processing and the finite
amount of core available. However, since the requirements for
channel characterization are less stringent than those for channel
reproduction, the interpolator order reduction is not significant.
For example, in Part 1 of this report we noted that 0.1 dB Doppler
attenuation occurs at +5.65Hz for a fourth-order interpolator and
at +2.4Hz for a second-order interpolator. At 5.65 Hz, a second-
order interpolator renders only 0.6-dB. attenuation — an acceptable
quantity for channel characterization.

The Hilbert transformer depicted in Figure 3.3 can be imple-
mented in a great many ways. We chose to use a finite impulse
response (FIR) linear phase digital filter. Toward this end, we
employed a program written by MecClellan, Parks, and Rabiner for )
optimum FIR filters [3.1l]. The design was restricted by three
criteria: 1) that the frequency response of the filter appear
white with respect to the transceiver filter-probing signal spec-
tral combination of Figure 3.1; 2) that passband ripple magnitude
be less than 1%; and 3) that the order of the filter (the duration
of its impulse response) be odd. (Since for N odd every other
sample is zero, the last requirement is important to minimize
computation.) A FlR filter of length 43 satisfies these criteria. -

The Hilbert transformer is, of course, odd symmetric and unre-
alizable. As a result of its finite impulse response, the filter
can be made realizable by inserting a delay of 21 samples in the
untransformed path. This is indicated in Figure 3.3. The odd
symmetry is computationally important since it allows the

34
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[ programmer to replace two multiplies by a multiply and a subtract.
Thus, the 43 sample impulse response requires only 1l multiplications 1
" and 11 subtractions.

Figure 3.4 is a block diagram of a technique for measuring the
spectral characteristics of a Hilbert transformer. The amplitude
response of the filter on linear and log scales appears in Figures 3.5
and 3.6, réspectiVely. Observe the equiripple response of this
optimum filter in both the passband and stopband.

We chose to combine (1) prefiltering to improve delay resolutionm,

- (2) complex channel reprodictron, and (3) the channel measurement |
procedure into one program numed RECSCF {(A.18). The word RECSCF is }
a slightly misnamed acronym for RECord SCattering Function. (A 1
scattering function is not actﬁally calculated — only an estimate i
of its transform along the Doppler dimension.) ;

Program RECSCF requires four files: 1) a random access file
for tempordary data storage STORL.DAT; 2) a file LAGR.DAT containing . ,
second~order Lagrarige interpolator coefficients [created by SETLAG ]
(A.19)]; 3) a file TESTD.DAT formatted in records of 510 words con~ '

taining the data to undergo the channel measurement process; and

4) a magnetic tape output file whose name is inputted by the user.

processed by the RECSCF. If the number of snapshots specified is
greater than the length of the input data file, the last record

FL T W A e A

i

i

%

In addition, the user must speclfy the number of snapshots to be . _ i

read is processed, a normal termination ensues, and the user is
informed that an end cof file has been encountered. The program
performs one subtle maneuver to save execution time by subtracting
"200 from the first word of a floating point number instead of
dividing by 2.

When the program terminates, a summary of the total power at
each tap is written on the line printer. This information is im-
: portant to the user who must subsequently determine which taps are

to be examined for Doppler spread characteristics.

3-6
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Figure 3.4 Hilbert Transformer Test
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Define g(kT,nA) to be one complex snapshot of the channel
impulse response, where % is the snapshot rate, and % is the
sampling rate (Zw1 in Figure 3.2). As discussed in Part 1 of this
report, each tap in a tap delay line channel model is separated by
A seconds. During playback, each tap coefficient is updated every

T seconds. As an indication of delay spread, we are interested in

" the power in each tap averaged over the number of snapshots processed.

Normally, only a few taps will contain significant energy. For
example, a l-ms multipath spread at a 9-kHz sampling rate would
involve only 9 taps. However, coupled with a bandwidth reduction
filter length of five samples (3.2), this yields 13 taps which éon-
tain some meaningful information. The starting and end indices of
the taps with significant energy can be ascertained from the RECSCF
line printer output. It is on this set of taps that we would like
to perform spectral estimation in the Doppler dimension.

Techniques for calculating power spectra are straightforward
and well cataloged. The one which we selected for this software
system falls under the general topic of linearly modified spectral
estimates [3.3]. This method is distinguished by the subdivision
of data into windowed segments prior to transforming. A succinct
description follows of the steps involved in producing that which
might be termed in the ideal case ''consummate spectra'.

(1) Choose the length of the FFT to be used according to
the Doppler resolution required. For example, fre-
quency resolution of an FFT'-é% Hz, where N is the
number of samples in the FFT and T is the distance
between time samples of the FFT data base. In this
case, %-(35.294 Hz) corresponds to the inverse of
the snapshot rate. For N =64, frequency resolution

is approximately 0.551 Hz, which for many applications

is adequate. Of course, we could increase the length

R 0 gy W RSP el S e ke TN ol el s e o




of the FFT to attain better resolution if we are
[ willing to increase the variance of the spectral
estimate [3.4]. '

[ (2) Choose a time window for weighting the data. There
are obviously many from which to choose. In addition,
once the weights have been established, all are
equally easy to apply. The one we have chosen to

use is termed an optimal window by A. Eberhard [3.2]).

This window maximizes the ratio of the energy in the i
mainlobe of the window spectrum to the total energy ;
in the spectrum. | i

(3) Apply overlapping windows to the data base, as indi-
cated in Figure 3.7. This method minimizes the loss’
in potential spectral information that nonequal
weighting of the data base renders. Ideally, the j

T T P R T L T Y

gsum of the values of all windows in the data base
| . at each element in the data base should be unity [3.5].

“i (4) Weight each overlapping segment in the data base with ‘ ;
the window coefficients, take a FFT, find the magnli- '

tude square, and average over all segments. For the
parameter values listed above, there are approxi-
mately 45 periodograms averaged for each tap, given

one minute of input data.

EOR Y P SR ST R

A program for computing Doppler spectra at each tap position,
DDSPEC, is listed in Figure A.20, The user must input the name of

the magnetic tape data file which contains the recorded snapshots
A of the channel impulse response. He must also enter the indices §
‘é of the left and right tap boundaries surrounding the taps to be
d: processed: For example, if the user wants taps 245-255 and 1-6

processed (17 taps), he merely enters 245,6,. The maximum circular

separation of the tap boundaries entered must be less than or equal
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to 84. In the example just given, the circular tap separation is
16. The program creates a random access output data file DELDOP.DAT
which contains the final spectral estimates at each tap position
specified. A summary of this file is written on the line printer
just prior to program termination.

Another program, DDREAD (Figure A.2l1), massages DELDOP.DAT and
prints its contents in a format which is conducive to viuual extrac-
tion of gross physical details of the delay Dopplev surface. Up to
14 taps can be presented in this way at any cne time. An example of
this format will be given in the next secztion.

For the user who would rather see a statistical summary of the
information collected, program DDSTAT (Figure A.22) is available.
It reports the following information via the line printer:

1) marginal delay power distribution for the taps examined .and

the time in seconds by which each tap is separated; 2) marginal
Doppler power distribution over a specified range of frequencies;

3) mean delay with respect to the first tap examined; 4) rms delay;

5) mean Doppler; 6) rms Doppler spread; 7) the taps at which delay
peaks occur and time differences in seconds between peaks; and
quencies in Hz at which Doppler peaks occur; 9) Doppler statistics

at each tap delay; and 10) graphs of marginal delay power and marginal
Doppler power. An example is given in Section 3.4.

3.3 Software Verification (Basic Programs)

For the purposes of software verification, it is necessary to
create a complex SSB HF channel with typical multipath and Doppler
characteristics. The approach we shall take is summarized in
Figure‘3.8. This system is designed to emulate probing with a PN
sequence —'the_result of which 1g a set of frequency samples of the '
HF channel where the intersample space in Hz is equal to the inverse
of the length in seconds on one pericd of the probing signal. (More
details of the probing process are presented in Part 1, Section 5,
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of this report.) An equivalent software approach involves weighting
the line spectrum of a periodically repeated PN sequence by a simu-
lated complex HF channel.

Ideally, the response of one path of the HF channel to a
sinusoidal input of the form '

x(t) = /2P sin(wt +8) (3;5)
is
y(t) = /2P r cos(wt+6+¢) (3.6)

where r is the time-varying Rayleigh-distributed amplitude of the

path and ¢ is the phase resulting from Doppler, time delay, etc. -In
general, a complex nolse process should be added to y(t); however,
for the purposes of test channel generation, we shall only consider

the noiseless case.

Similarly, the received signal over a multipath channel at any
tone is ' '

y(t) = J2P g; r cos (wt +8 +<pJ) (3.7)
. J=

where the r. are independent Rayleigh-distributed variables and N

J
is the number of paths. For normalization purposes, we will con-

strain the sum over the power in the jth path (PJ) to be unity:

32; Po=1l E[r?‘l] - P | | (3.8)
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For an array of M tones
y(t) = g g J2P ry cos(wit +ei+¢piJ) ' (3.9)

This model assumes that Ty is constant over all frequencies of
interest while 043 ig frequency-dependent. Both r
dependent portion of py 5 can be obtained from a set of filtered

complex Gaussian variables. 1In the program to be described, fil-

and the Doppler-

tering is accomplished with a two-pole filter whose passband shape
approximates typical Doppler rolloff characteristics. '

A program, HFSIMS, which creates a SSB HF channel by frequency
weighting a set of tones according to the desired multipath and
Doppler characteristics is listed in A.23. The output magnetic ﬁape
data file, HFSIMS.DAT, will contain transforms of the baseband snap-
shots. Inputs to HFSIMS fnclude:. 1) the number of snapshots to be
wfitten on magnetic tape; 2) the number of frequency samples in the
sideband of interest (by default, the program chooses the upper side-
band); 3) the frequency separation between tones; 4) the snapshot
rate (because of the details of the probing process, items 3 and &4
must be equal); 5) the number of paths in the channel model (non-
impulsive path delay densities are not computationally feqsible
since any simulation using that model would require huge amounts of
CPU time); 6) the Doppler bandwidth of each path (Hz); 7) the power
lof each path in dB (for normalized results, the total power in the
paths should be unity); 8) the Doppler offset of each path (Hz);
and 9), the relative delay (seconds) of each path (the first path
should have a relative delay of 0).
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Armed with synthetic snapshots of an HF channel, we are ready
to simulate probing the channel with a periodically repeated PN
sequence. This situation is identical to one encountered in Part 1
of this report in which it was necessary to play data through re-
corded snapshots of the channel. Program PLAY1l (A.9) accomplisked
this objective. It seems reasondble then to adopt PLAY1ll for
"playing back' the PN probing signal through the synthetic snapshots.

One simplification is in order. PLAY1l is capable of handling
large bandwidth Doppler spreads or large Doppler shifts without im-~
parting significant passband deteriofation (Section 2 and 3 of
Part 1). This is a result of using a fourth-order Lagrange inter-
polator for zeroing Doppler images.at multiples of the snapshot
rate. Since we are only testing the software, it is not necessary
for these initial experiments to use relatively large Dopplers.

As a result, it will prove computationally expedient to use only a
second-order interpolator while limiting maximum Doppler shifts to

_around 3 Hz. PLYSCF incorporates all these features into one

program,

PLYSCF assigns four different data files during the course of
its execution. File LAGR.DAT is created by program SETLAG (Figure ;
A.19). File PNSEQT.DAT contains a 768 point real Eraﬁsform of one ﬂ
period of a PN sequence of length 255. Program SETPNS (Figure A.25) |
creates this file while employing the use of an FFT program speci-
fically modified to perform a 384 point complex transform [FFT 384
(Figure A.26)]. File HFSIMS.DAT contains the transformed channel
snapshots generated by HFSIMS. The last file, TESTD.DAT contains the
result of playing a PN sequence through the synthetic channel.
Should an end of file occur in HFSIMS.DAT, the program will termi-
nate normally after printing the record number being processed
when the EOF occurred. PLYSCF, like most of the main programs
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previously described, puts a numerical indication of the record
being processed on the display register.

An overlay program, PLYOVR (Figure A.27), is functionally equi-
valent to PLYSCF. 1t has the capability, however, of being able to
incorporate any order interpolator by changing the value of the
parameter IQ to reflect the order desired. Some obvious changes
must also be made in array dimensioning. The user can also save
an additional 400 words by incorporating a variation of the minimum
device table program, MINDEV. The overlay segments, SUBl, FFTOVR, . f
and SUB2 are listed in Figures A.28, A.29, and A.30, respectively.

PLYOVR.ODL, which contains the necessary overlay descriptor language,
appears in Figure A,31,

PLYOVR uses both synchronous and asynchronous manual load opera-
tions, as specified by the PDP-11/45 linker manual. (It should be '
observed that the bit used as a synchronous-asynchronous switch in
CALL LOAD is reversed in all the documentation.) Manual load saves
both time and memory when compared to the performance of the PDP-11/45
autoload feature. PLYOVR, using a second-order interpolator, executes
quite rapidly. Approximately two seconds of computation per snapshot
are required — corresponding to a real-time expansion factor of 70.

3.4 Test Examples

To establish program credibility, we have devised test examples
which will exercise many of the software features. A summary of the
programs required in the order of their execution appears in
Table 3-1. As previously discussed, SETPNS and SETLAG create _E
data files necessary for the synthetic test channel. The program ‘
which determines the characteristics of that channel is HFSIMS. f

'Following the stated guidelines, we chose to keep the maximum ex-

cursion of significant Doppler energy to 3 Hz. Also, to insure
that Doppler estimation would be performed over many Doppler cycles
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SUMMARY OF PROGRAMS REQUIRED FOR

TABLE 3-1

TEST EXAMPLE

Program Input Files Output Files Comments
SETPNS - PNSERT.DAT Put transform of 3 repe-
(Random Access)| titions of PN sequence
(DK) in file PNSEQT.DAT.
SETLAG - LAGR.DAT Lagrange interpolation
(DK) coefficients
LAGD. DAT LAGR.DAT ~ order 2
(DK) LAGD.DAT - order 4
HFSIMS -- 'HFSIMS,DAT Put transform of channel
(DK) snapshots in HFSIMS.DAT.
PLYSCF LAGR.DAT TESTD.DAT Create test channel
(DK) (DK) (TESTD.DAT) by playing
PNSEQT.DAT . : PN sequence through
(Random Access) channel snapshots
(DK) created by HF simulator
HFSIMS.DAT
(MT)
RECSCF LAGR.DAT STORL.DAT TEST .DAT contains base-
(DK) (DK) band signal. Program
TESTD.DAT NAME ,DAT prefilters, creates com-
(DK) (MT) plex channel, correlates,
and interpolates with
Lagrange interpolator of
order 2. Records of
NAME . DAT=255.
CHFFT NAME. DAT FFT255.DAT Read in record M of
(DK) (DK) NAME.DAT FFT and put in
file FFT255.DAT.
PLOTCH FFT255.DAT - Plots.
(DK)
DDSPEC NAME .DAT DELDOP.DAT Compute delay Doppler
(MT) (DK) spectrum.
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even at the lowest Doppler resolution increment (0.551 Hz), we
chose to perform the first test over 40 seconds of data. .As a

first-order estimate, this implies that spectral averaging will
include at least 22 independent samples. Therefore, we can expect
the standard deviation of any statistical results to be 21.3% of
the actual value.

User input to HFSIMS included: 1) CHANNL as the name of the
output data file (.DAT assumed); 2) 1410 (40 second) snapshots to
be processed; 3) 128 frequency samples in the upper sideband

(including one sample at the lower band-upper band transition _ !
point); 4) a 35.294-Hz snapshot rate; and 5) a separation between _ f
frequency samples of 35.294 Hz. Data specified for a two-path j
test is presented in Table 3-2. ' ]

After executing HFSIMS, FLYSCF, and RECSCF, the reconstructed

- synthetic channel snapshots are written in f£ile CHANNL.DAT. As an
intermediate check on software execution, programs CHFFT (Figure A.32)

and PIOTCH (Figure A.33) plot the magnitude in dB of an FFT of any

desired record im CHANNL.DAT. NRL's Versatec matrix plotter soft-
ware i1s required for PLOTCH. A plot of the lhth such record appears -

in Figure 3.9. Althouéh the exact features of the two-path model

1
are not easily discerned because they have been all but obliterated | ¢
by the effects of Doppler, some important observations can be made. | i
On the frequency normalized to sampling rate scale, the upper side- :
band falls in the region 0.0 to 0.5. Notice the small amount of _ i
energy in the lower sideband. Both sidebands were prefiltered in ' ¥
RECSCF with a raised cosine weighting. The nulls of this weighting
at normalized frequencies 0. and .5 are obvious. In addition, the ;i

i

raised cosine weighting is apparent in the mainlobe of the upper
sideband. ' |
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TABLE 3-2

TWO-PATH TEST DATA SUMMARY

Parameter Path 1 " Path 2
Doppler Standard
Deviation (liz) 0.5 1.5
(RMS Doppler Spread) (1.0) (3.0)
Dcppler Shift (Hz) 1.5 -1.5
Path Delay (sec) 0 0.0005
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In ovder to more graphically illustrate the influence of a
two-path model on spectral particulars, we performed a separate
test in which neither path was subject to any Doppler effects. The
results of plotting the spectrum of the 14th record of CHANNL.DAT
appears in Figure 3.10. The characteristics to which we referred in
the previous paragraph are vividly portrayed.

DDSPEC completes the basic software processing. In addition
to the name of the input data file, it requires the indices of the
left and right tap boundaries of the taps to be examined. 'This can
be obtained from RECSCF's printout of power at each tap location
summed over all snapshots. The data for this test is reproduced in
Figure 3.11l. Observe that nearly all delay power falls between
taps 20 and 33. After running DDSPEC, DDREAD should be executed
(1f necessary, several times until all the taps processed are ex~-
amined). Because of space, its output is given in two parts.
Figure 3.12(a) contains Dopplers from ~17.647 Hz to -0.551 Hz;
Figure 3.12(b) contains Dopplers from 0 Hz to 17.096 Hz. The
peaks of the delay Doppler lobes for each path are underlined.
Observe that they are separated by 4-1/2 taps (0.0005 second).

The user can get a feeling for spread in the Doppler dimension by
comparing the ratio of Doppler power densities at two similar points
for each path. 1In this manner, it is easy to see that the second
path has a much broader Doppler bandwidth than the first path.
However, the peak of the second path is smaller than that of the
first because the integrated power density for the two paths was
user-specified to be equal.

A statistical summary of the data in Figure 3.12 is given by
the output of DDSTAT in Figure 3.13. Observe that the claims for
delay peak and Doppler peak locations are proportional to some

multiple of an index of delay or Doppler increments, For example,
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a Doppler peak at -1.654 Hz corresponds to three times the Doppler
step size of 0.551 Hz, while the actual Doppler peak is at -1.5 Hz.
More accurate peak location by numerical interpolation can be in-

cluded if the need arises for more than_ just gross channel parameters.

Of particular interest in Figure 3.13 are the Doppler statistics
for the 14 taps examined. According to Table 3-2, the channel path
at 0 relative delay should have an rms Doppler spread of 1 Hz, while
the path at 0.5 msec relative delay should have an rms Doppler
spread of 3.0 Hz. Noting from the printout that delay peaks occur
at taps 5 and Y, we can easily verify that the measured rms Doppler
spreads for the two-paths are 1.28 Hz and 2.93 Hz, respectively;

. These numbers seem reasonable in view of the previously discussed

21% standard deviation in measurement.

As a visual aid to the user, DDSTAT plots marginal delay power
and marginal Doppler power. These appear in Figures 3.l4 and 3.15,
respectively. Observe that the 0.5-msec path separation is easily
resolved by the programs. The 3-Hz Doppler shift betweean paths is
also easily resolved. 1In fact, it seems reasonalle that, for small
Doppler spreads, less than 1-Hz resolution should be possible for
Doppler peaks at the same delay.

In an effort to more clearly demonstrate the resolution capabili-
ties of the software processor, we have conducted a second test with
each channel path less distinct from the others in delay and Doppler
than the channel paths in the first test. A summary of the delay
and Doppler characteristics for this three-path test case is pre-
sented in Table 3-3. The relative path delays specified are chosen
to place peaks in the measured delay power spectrum at integral
multiplies of the intertap spacing in seconds. This allows best-
case estimation of software delay resolution capabilities. Observe
that the intertap spacings correspond to 2 and 3 taps, respectively —
in distinction to the first test in which the path delay was equiva-
lent to 4-1/2 taps.
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. TABLE 3~-3

THREE~-PATH TEST DATA SUMMARY

Parameter Path 1 Path 2 Path 3
o e P 0.25 0.25 0.25
(RMS Doppler Spread) (0.5) (0.5) (0.5) j
Power (dB). =4.771 =4,771 -4.771
Doppler Shift (Hz) -1.102 -1.653 ~2.755 |
Path Delay (sec) 0 0.000222 0.000555
!

o o
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Doppler shift magnitudes are constrained to be (1) less than
3 Hz in order to minimize deterioration resulting from interpola-
[ tion filters in RECSCF and PLYSCF, and (2) greater than 1 Hz in
order that spectral estimates be averaged over as large a number

s

{ ’ of‘independent samples as possible. Sihce the test has been con-
ducted over 60 seconds of data, even at 0.55 Hz we can expect a
standard deviation in measurement of 17%. In addition, the mean

of each Doppler lobe is placed at an integer multiple of resolution
[ cell increments (0.551 Hz). The rms Doppler spread of each path is
less than one resolution cell. )

As noted previously, RECSCF (in addition to its function of
measuring the complex channel snapshots) also outputs the average

tap power for the entire processing time. This information is re-

produced in Figure 3.16. The two measured peaks are underlined.
Without resolution limitations, the three-path peaks would have
appeared at the 24th, 26th, and 29th tap. It is clear that the
peak which occurs at the 25th

second paths combining.

tap is a result of the first and

The results of running DDSPEC and DDREAD appear in Figures
3.17(a) and 3.17(b). As before, delay Doppler peaks are underlined.
It {s relatively easy to determine peaks in the two-dimensional
delay Doppler surface before marginal distributions are derived.
However, the user must resort to first derivative estimation in
order to distinguish the first two paths.

The statistical information obtained with the aild of DDSTAT
is presented in Figure 3.18. As expected, the program finds only
two peaks in delay and Doppler. It should be remembered, however,
that the number of peaks in the marginal distributions is not
necessarily the same as the number of distinguishable peaks in
the delay Doppler surface.
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The Doppler statistice for the 14 taps examined merit some
comment. The measured Doppler shifts at taps 4, 6, and 10 of
-1.13 Hz, -1.4 Hz, and -2.71 Hz, respectively, agrees well with
the specified values of -1.1 Hz, -1.65 Hz, and ~2.76 Hz, especi-
ally considering the measurement corruption resulting from path
interference. However, the measured Doppler spread at each of
these taps is approximately twice the value which had been expected.
This 15 a result of the mainlobe width of the window function used
for spectral estimation. This can be reduced by increasing the
length of the window (and the associated FFT); however, for a fixed
duration data sample, this would reduce the number of periodograms

over which averaging is performed and increase the variance of the
estimate.

Graphical presentation of marginal delay power and margiﬁal
Doppler power appears in Figures 3.19 and 3.20, respectively.
Coalescence of the first two paths in both delay and Doppler is
obvious. However, the position of the third path, which 1s sepa-
rated from the othérs by a minimum of three taps and l.1 Hz, is
easily extracted. We might estimate the lower resolution of the

present software system to be %'msec in delay and 1 Hz in Doppler.
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10
15

20

V)
N

»

~ DIMENSION X(259).Y(S09).2(1020),H(1821).P(255.4),V(235),1J(255, 4)
© DIMENSION NATECS)

EQUIVALEHCE (HID LPCL. 1)) °
aTA HAME.73e 2.2, D", AT/
DATA #L.V.W-1S3040,07
DATA TTEHP. ISTOTE, [TH2/3%1/

DATR 10, 1Pt IPHY . TPH2, I TAP/4, 255,254,510, "2rR/
DATA IFN21. IPHJ, ICSDR/S11, 1026, "1775707 -

WRITE(E, 108)
READ (5.200) (NALE (1), 1=1,3)
LRITE (G, 360)
READ(6,400) IFIL

END FILE 6

IFIL=IFIL-1

Y(IPH) =FLOAT( ISTATE)

DO 1S 1=2. 1PN
ISTATE=IFSR ( ISTATE. ITAP)
IF (ISTATE.AND.1) 5.5.10

ITEMP=-1

YCIPH+1-1Y=FLOAT(ITEMP)

[TEMR=1 .

DO 20 I=1,IPN1

YCD =Y(I+IPHY .

CALL LAGIHTCIO, IPN.H)

CALL SETFIL(S,“STORL1.DAT", 1ERR.”DK".8)
DEFIME FILE 3¢16,IPN2,U,ITM2) .
CALL SETFILC(1.”TESTD.DAT’.1ERR.DK*,@)
CALL QETFIL‘ZJHQME»IERR»'NT’.G)

DO 21 I=1,16

WRITE(3* 1) (LT, 1), =1, IPN)

DO 23 K-=1.,2

READC1) (ZC(J).JT=1, IPN2)

PEADC1) (2(J). I=1PH21, IPN4) ~

D0 a0 IK=1,IFIL.2

IK2=1K-2

Lo 35 IL=1,2

LJ=1L+IK2

J=10DC1S. D).

1JJ3=J%1PN

[JK=J+1

[JKS=145

TJM=dx%] .

DO 25 I=1.1PH |

C1JI5=1J341

BLE N IJ'Z(IJJQ)*P(I;I)

WCL.2Y =20 T I85 a2y

(219 )] ZfIJIS)rP(l,Z)

WL D =T ISP ], )

po 25 I=1.4

[11=10121

R RN SAR REDEINIAS PR AR LI IPN)
LI =11

CALL STASHCTJKHL ICSDR)

DO 30 K=f.4

Figure A.1 RECD1ll
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T A, e e - BN A . e e et e kg s n

FE=MODCCIIKS-K) , 4) +1
KK1=5-K :
J 2=k (KK~ 1) +KK 1
B PEAD (3 JI2) (UCIIL. 1) .31 =1, IPN)
CNLL LNOPCIRH. %, Y.L .
30 COMTINUE
. RITE Y g .
IF CTJ.LT.3Y G 1O 33
0 32 1=1.1FN :
32 YOI =010 249 ]) : 4
33 IFCCCIL-1D#IK) .GE. IFIL) GO TO 49
_ . DD 35 I=1,1PH
B 35 X(1)=0.0
' IP=C D CIK. 4) = 1) % 1PN
READC1) (ZCJ+IPY, J=1, IPN2)
a0 CONTINUE :
EHD FILE 2
: EMD FILE 1
[ END FILE 3
W ITE(S.50MY ,
100 FOFMATC" EMTER HAME OF OUTPUT DATA FILE’ /)
. 200 FOPHAT(ZA2) - ' ) -
{ INN FORMAT(" ENTER AM EVEM HO. OF RECORDS TO BE FROCERSED/
. 400 FORMATCIS) ' S
SO0 FORMATC1X.TEL0.3)
I 508 FORMATC1X.S16)
EHD

|
[ .
A e

: Figure A.1 (Continued)
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; THIS PROGRAM ALLOWS FORTRAN PROGRAMS TO READ AND WRITE
: AESOLUTE LOCATIONS 1N MEMORY
: THUS IT IS DANGEROUS IF IT GETS INTQ THE WRONG HANDS
[ :
JTITLE PEEK
.GLOBL PEEK.STASH
JMCALL . PARAM
.PARAM - :
PEEK: MOV @2(RS).R® ' >
HOV (RO).RO : ‘
RTS RS
STASH: 11DV @2(RS).RO
1OV @4(RS),.RI
HOV RB. (R1)
RTS RS :
-.END !
: i
i Figure A.2 Function STASH
™
?;
i ’ |
ég 1
l i
_ ; .TITLE LSH 1
N : FUNCTION {.5H--LOGICAL SHIFT
N - : CALL 15: ) 1
N | : IMORD =L SHC TLORD , 1CHT) 1
i : [MORD: LORD LHOSE BITS ARE TO BE SHIFTED : , j
2| : ICHT: SHIFT IWORD EY ICHT BITS--POSITIVE 1CHT :
3 i : IHDICATES A LEFT SHIFT '
! GLOBL LSH
N LSH: T (%) +
' ‘ HOY RIFS)+, R0 PGET 108D
! : oY DIRE) 4+, R1 $GET ICNT
: HED FTH $H0 SHIFT IF ICHT=D) ]
el 1t $HD PPOCLENS PRR VTET CHET ;
« ro B PSHIFT PIGHT 0IICE 10 CLENE 2R i
N L el S8 COUNT THE SHIFT . B
' ‘ Ll fisH Fl.RA SSHIFT : : L
I . RIH: PTE RS RETURH .
i .EHD b
L .
| ]
.
: l: Figure A.3 Function LSH i b
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t

?
.
J
*
X

[ B i S e T

.T1 Tl..E (Ralaly
.GLODL  LOOP

ACN=x0
[=x0
Jei1
YADwit2
YRD=23
WAD=X4
RS=%5
SPs=x6

IPHN: @
YA O
Wit 0

LOOP: CtF
MY
0V
[y ALY
1Y
Hoy
sup
1oy
MOV
oy
oy

Lt: MOV
AsL
AasL
AL
LIF

L2 MOV
23]
FIDDIF
Bl

SLIBTR:=lBF
TST
DEC
RHE
“TF
1%
| {ies
NS
IGC
oHE
Hoy
RTS
+EHD

(R3), (RS)+
RRSI+, 1
l‘J'

1. 1PHH
(PSY 4, ¥AD
RS+, AD
*d. YRD
Yitb, YAbM
(R5)+,lAD
WD, WADM
RS, -(SP)
[.R5

RS

rS

PS5, YaD
(Al L ACO
CYHID) +.RS
SLIBTP

QT +.ACO
ol

WA +.ACO
Crnld +

J

L2

ACNL (XADY+

1PN J

S LD L ND

VRDHL YAD
I
L1
(5P) +.B%
RS

| Figure A.4 Subroutine LOOP

s INCREMEHT RS POINTER
sLORD VALUE OF IPH INTO REG 1

s
.
’
]
.
.
.

INTD REG J

AHD THTO TIEHUFY? LOC TPHM

A-5

LOAD ADDR OF APPAY I THTC PEG XAD
FLOAN (DR OF Al
2SUBTRACT 4 TO FOINT TO FREVIGUS IWORD

I e ran




4 i
"!1 ;
5 == MTIN.MAC -- 8
' 3 PURPOSE 15 TO PEAD 1H FROM IMGTAPE !
4 3 CALL B CoLL MTIHCGUHTT, 1ORDS. INFPAY, 1STAT)
. : LMERE UHIT = O QP 1. TLOPDS 1% HUMRER OF LIORDS TO
: $OTEANSFER C100) . IAFFRY 1S THE ARFRAY THE
‘ : IHFO 1% TO .60 THTO. &b ISTAT IS A STATUS
hi : WORD PETURHED LITTH FOLLOWING NEANINGS:
Y : ISTAT = 0 => O.EK.
g : no | =y EOF FOUMD
; 3 = 2 =% UHIT SELECTED IM ERROR
P : THE WG TAFE STATUS LORD (HTS) 1S PETURNED
b : IF THE EFFOR BITS (7-15) OF MTS ARE SET
i 3 v ERIORDS 1HIST BE AN THTEGER YARIABLE
1 3 AND HOT B COHSTHNT AS THFORHATION 15 RETURNED
i : IH THIS WIRIGBLE RS TD HOW MANY WORDS ARE
y ¢ TRANSFERRED.
i LTITLE HTIN . ,
3 _ LGLONL MTIN _ [
] ' JEALL L PaPaM : -
¥ L Pripn
: 1517252
. MTC= 172522
1 [ITBRC=172524
b HTCHA=172526
q MTIN: 110V RO, - (SP) i
. Y 1.~ (SP) 3
i 10V R2, - (SF)
Y TST (RE)+
- 1OV RIRS)I+. B0 3 FDeUHIT #
i MOV RIPS)H.RT :SET BYTE RECORD COUNT L
3 HIY (RS)+.R2 : R2=nDDRESS OF ARRAY !
i HSL R
s ‘MEG PRI
5“ MOV Bl.oeTRRE
4 BIT ®|77°776.P0 @ TEST UNIT (1 OR &)
; BEQ CONT
g . ELR n-d(RS) : HO WORDS TPANSFERRED )
¥ HIY 82, 0(RS) + ; ERROR. RETURN D
BR QNT ;
COHT: 1Y P2.e#MTCHA
i LB RA : SET COMMANDS
i AlD #3000%,.RA
; TT: MY #ITC.RY : Rl = ADDRESRS OF MTC g
: TSTH (R1) : TEST CU READY :
l fPL -2
1 HOV BO. (P L : STHRT THE OPERATION 4
,PAGE A
HIOV 115 P 1 FA=ADDPESS NF MR b
LI RIT w2000, FPOY t HALT IF EOT ' :
LED L2
CLE P : STOP THPE L
. R E :
W2 1STR (P ; TEST CU RERDY ' .
] BPL W) )
) L
‘ ' Al :
3 Figure A.5 Subroutine MTIN : :
Xi

>
[}
(=}

N D mat iy gl PN 1S AW SR s A PR




BIT #40000. (RO)
BEQ .46
INC Q=2 (PS) s EOF, PETURH 1 I[N ISTAT
BIT BITPEON.(PNY @ TEST FOR EPPOR IH MTS
BED FTH
Y rEQ) L nN-2R%) ) ¢ EPROF, FETUFH TS
RTI:  SULE RouTE w00 SN TR WURDS  TPRNSEERTED?
HEG P2
RSl g
e 1Y P2 a-nRm)
: OWT: IR CEPY 4P
e Y CERY R
| 1Y (SPY4.FO
, FIS RS :
[ LEND
\
]
i
|

I
|
|
B :
§ w3 CLR QIRS)Y+ $STATUS OK., RETURM 8 . !
’ : -
!
|

™ e

s

K

‘5‘ [ ¥
§

il

!

éf

!

!

il

;.

' i)

i Figure A.5 (Continued)
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! DICHSI0N 220007, ¢ (510) . TAR C1NR) -
PATA 2. P TP, INFF 1, 2000, 0,510, 0 -4
- COLL SETEILC L 2 TESTR N L IERR. D o))
‘l WP TTE (R, 150 : i
' FLADOS. I7SILL f
. "1FCLLL.EQ. 0GR TO 60
: [ O CT RS
DO TH J=1.2000
1LKIFDS = 1000
- CALL MTINCA, TWORDS. 1AR, ISTAT)
! 70 IFCISTAT.ED. DGO TO 7S -
. e WPITECE, 175) )
20 WETTE (6. 125)
FEADN(G,. 175)LL
1LORDS = {000
IFiLL.EO, 0G0 TO 3 : )
DO | IstLLL ' '
CALL MTINN. ILWORDS. IAR, ISTAT) : :
| TECISTETED, 1030 10 200 : J
| 1 IFCINNPDS HE, INANYGO TO 225 : ) : i
' 2 Jet.2
| Hnig-1y ' , c
i CALL MTIH@. IUORDS,. 1AP, ISTAT) : ;
i IFCISTAT.ED. 1)GO TO 200 ?
{
}

(1%

IF CILUORDS  HE. 1080) GO TO 22

LI CTNT I -

MCLT 1) =FLOAT(LSHCIAR (1) 4 =d4) =" 4000)
) LRITE (6, 275)

i FEADOS, 179 IF L.
IFCIFILLGT, 1030) IFIL=1020

Do A0 JelLIFIL

[3Y)

s

; IFC(H2=10FFY.LT.IF) GO TO 1S
4 Do 10 I=1.1P

i) ] n LRSI E ERkald )

Nl

IOFF « INEFF 18
IFe s, GO D 0f, CIQFFLT. Y)Y GD TO 30 . )
Rl MTID, 1LOPDS. IAR, ISTAT) . .
IFCISTRT.ED. DGO TO 200
[FCIWoPDs HE, 100 G0 TO 225
o1z I1=1.H
HCDH=FLOATLSHCTIARCD) , ~4) - "4000)
[5e=]
A0 oTH 2N
13 =N~ 10FF
JnoEn tef,1d
e YOI) NI TOFF)
HEn}
e onrHy Hare2
| R IS U .
Ul VT T, e s, e, 12TAT)

v, . [EEWSTIETIEN. DO Y PP R SRR

e
—
N

e ST 5 S emiaa o e - s

3 ATt L0, 150 TR 200 :

. PEOMLUFDS HE L 1000 G0 T 225 "

i . [RR TR O DTS KRR

1 . IFHS RN, D HEeN N
b

Figure A.6 Subroutine FORM1A
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AT A

Ea— . TN

P22 1I=1.M

2CT14H1) =FLOAT(LSHCIRRC( D) , ~d) =" 4800)

15-0

[J1=1J+1

m ™ I=1J1,1P

YD »XI=10

T10FFn]IP-10

WTIEV DY

WRITETA. 1002

IFCOIOFF LT W) LOR, C(15,EQ. 1)) GO TO 48

CALL HTIH(Q, IWORDS, IAR. ISTAT)
IFCISTAT.EN. 16D TO 260

IFCIWARDS,HE. 1000)G0 TO 225

Do 35 I=].H

HCD =FLOATO.SHCTARCT) » =4) = "4000)

Io=l

COMTIHUE

FOPHATL LR 1ATE)

FORIINTC EHTER HO. OF RECORDS 7O BE SKIPFED” /)
FORIEe GHICR H0, OF FLLES 0 00 SEKIPPED®.)
FORDTOIS) :
END FILE |

sTOP :

WRTTE Ces ) TSTAT

FORHAGT O PUnl BERROR® /" MT STATUS WRD: *, 05
FORMETC LIMER HO, OF FECOPLS TO BE FROCESSED® /)
EHD FILE 1

EHD

Figure A.6 (Continued)

A-9

ro &




.TITLE sDEVTB
LHLIST  TTH.BEX. TOC

:THIS IS A STRIPPED DEVICE TABLE FOR USE WITH PLAY11 ONLY,

sHRL " 0
NPLHT =, 0
SHRLMT = 0

FDEVTIB: . LORD 3
WORD  D.DEVI1.DEVZ,DEY3
0

DEV1: JORD
.FADSO DK~
.B¥YTE O
BYTE 0
RADSO  ~PLAYDZ
RADSO  ~DAT~/
JWORD  2%%,0,0.0.0.0.6.0,0.0

DEV2: . JWORD n
Jhbsa LY
LBYTE 0
"LBYTE @
.RADSH RECDT~
JLAhS0 SDATY
JWORD 237%,0.0.0.0.0.0.0.0.0

DEV3: JORD 9

.IF NDF HRL

: IF *HRL” 15 NOT DEFIMED USE THIS FORM
+RADEA /DK~
BYTE 0O
BYIE 0

. IFF

JIF DF NRLEIT

tIF "HRL® 1S DEFINED USE NPL DEVICES
$IF HRLMT 1S DEFINED USE MT AT HRL
$IF HOT DEFTHED WSE DR1: AT NRL

sDDB POINTER

sUNIT 1 DEVICE

tHOW CUPPENTLY OPEM

$UNIT 1 DEVICE UHIT HUMBEPR
IUNIT 1 FILE HAME

AUHIT | EXTENSION

{OTHER USEFUL IHFORIMATION

SUMIT 2 DPEVICE

HU NS
sUMIT
FUHLT

DEVICE WHIT NUMBER
FILE WAIE
FILE EXTENSION

[ SRS ]

sUMIT 3 DEVICE UHIT tUMEER

# IF "HRL® aHD "HRLHT® ARE DEFIMED USE THIS FORM

papsg AT
BYTE 0.2
JFF

¢ OIF HPLY 1% DEFTHED AHD PHRLMTY IS NOT DEFIHED USE THIS FORH

I TR0 L% I 1T
e AN
LENDC
EHDC
N2 ) T A I o oY 0 T L
Jabty AT
CWORD £34.0,0.0.0.0.0.0.0.0

JEHD

fUNIT 3 F ILE Hit I
3

HUIN) wTEHS N

Figure A.7 Device Table MINDEV
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. o
TITLE ERRF.. .
|
$MINIMAL EFPOR HANDLER FOP FORTFAN OTS V22 i
¢ QUTEUT 1ESSNGE HEG IDEMTICAL INTEFPERTATION T FORTRAN OTS GEMERATED i
; FOI@ ABCKYZ  MESSAGE. MBC=EPROR CLASS. XYZ=ERROR HUIBER !
$HOTE THAT EVEM THE MOST TRIVIAL ERROR WILL BE FATAL
ERROAO: : 1OV 2(R5).RB !
BR SERRRA
TERRE: MOV 2{R5). P8 , ‘
FEFRA ‘ 4
FERRB:: SLMB RO : 1
(nve  RrRE.RL ) 1
SLIB P1.R9 N
AEL ) 3
Hhn FL.RO
oy FO.=(8F) ]
L #1.530, - (5P)
1t
EMNT g0 i
3ERRF: : :
SERRC ¢ 1 J
LEND 3
;
1
4
y
3

Figure A.8 Subroutine ERRF




COMPIOH DiVAL 2T T, ICSPR. 1Q, IPN, IPNIQL IPHIQL, I5ET.SIPND4
DIMENSION PC102M
EOIVALEHCEFH(2Y,P (LY ) .
TPHIN=10rIPH
IPHIOL=IPHINTPH .
SIFHDA= . - 4, O¥FLOATCIFN+1) %1280.)
IREC=3
[JK == .
CALL LDADC LAG® . 1. IER) X
FILES WPE ASSIGHED WITHIH THE tIIHTIWUE DEVICE TOELE PPOGRAM-MINDEV. ;
IF THAT FROGRANT IS REMOVED, THE FOLLOWING THREE CALLS TO SETFIL .
FPE REQLIPED, 3
CALL SETFIL CL. "PLAYD.DAT . IERP, " TIK* . 0) i
CALL SETFILCZ,*PECDT.DAT L IERR.“HT . 0) H
catL SETFILC¢Z,*PROCD.DAT’, IERR."DK’,0)
CALL WRIT
CALL LAGINTC I, [PHLH)
Fatl LOARet s . 0. 1ER)
6 CALL SURLCIPED)
IFCISETHE. DGR TO &0
TJKM= ] JEH+{
CHLL STHSH(1JIKM, ICSDR)
CALL LOADC"FFTOVR?,0. [ER)
CALL FFTOVR
CALL LOoAb( 'suUB”.0. IER)
IFCLIRMHE. OGO TO 39
11w~} :
CaLl SUB2C(IPN) i
11=3 i
IRECS]
GO TO 6
2a Chall sug2@)
GN TO A
o FHD FILE 3
elh FILE 2
FHIr FILE 1
PO L LRI ISET .
TOLL SRS TFEL ISR
END :
BLOCK DPATA
COPIIOH Oy e 12800, ECIn200 L1282 JHOLOZ2 1Y L0102
COMHIOH - DerAal T T TCADE, 10 IRHL IRHIQL TRHIDL . TEET, 5 1FHDG
DiTa L5 aEnoan, 0
ardy T 10se 10, IPHL 1SET. 0. 177570, 4,855, 0.7
Etin

‘ {- COMMONOVR A (1282), 2C102M  LIC12B82), HOIB2T) . ¥ (1020)

aOOOO0NO0

Figure A.9 PLAY1ll
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[N

“a L

o

SUBRQUTINE SUBICIREC)

COMONDMVR /Y1282, 2102 L I L222) L H 18211, 40192M
CONK N IavAL <11, ICSDR, 10, IRHL TRNINL TPHIOL. 15ET. SIPND4
1=0

IT1=CI+I D RIPH

FEADCLLEND~S) CACT+IT1), Jel, IPi)

Is]+1 . .

IFCI,LTY, IREC)GD TO 1§

IFCIREC.GT,.1DGO TO 4

o2 I=1.1PN

VOTHIPHID s 111 1)

r“J 3 t'lp?

TEIHTRHIO Y RO, 0

FERNCI.EHD=6)L)

FETURN

[3ET= 40000

RE VRN

ISET="100020

RETURMN

EHD

Figure A.10 Subroutine £YB1

SUBROUTINE CWURITEC(Z. IPN)
FEHL ZCIPNY

LPITE(S32

FETURN

END

Figure A.11 Subroutine ZWRITE
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L.TITLE SUBZ.
LLIST  TTH,BEX
.DSABL  GBL
LGLOBL  ZWRITE
Aco - +0
AcCt - 21
$MACRO REFLACEMENT FOR SUBROUTINE SuB2
LC3ECT  ave sFORTRAN COMNN REGION
Y LBLLW 1282, 42
2 JBLEU 1n20, +2
W: LBLEW 128242
H: BLE 021,42
xi. LLEW 1020,k2
P - H+d
LCSECT DAvAL :ANOTHER COMMON FEGION
11y, JBLKW |
ICSDR:  .BLKY |
10: LBLEW {
TPt BLKY 1
IFHIQY  LBLKU 1
IPNIG1t .BLKW |
ISET: ALY 1
SIPND4: .BLKW. 2
JLHECT  ,SUB2.
|RR Y JORD 0
sUB2:: MOV 11.R®
Hav RS, =(5P)
SETF
THE (2
rHP Ra. 10
g &
cLR R
1 1y M. 11
L IPN.RO
MOV R1.111
BGT 3I%
T5T R2 (RS
BZN 3E
29%: HY IPHLRO
AsL (3]
Rl kO
N *' R0
[N iR
rn IFHIN.R2
I0F: Fioy LF 1) L (R
oy 1+ (RO 4+
o F2.30%
BR S5%

Figure A.12 Subroutine SUB2
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31s%:

32%¢

34%:

33%:

MGV
oy
AsL
AsL.
[{H1{]
1y
MOV
MoV
my
LDF
HILF
Hov
AHDLF
Hov
STF
s0B
BR

M
- MOV
SuUB
Hoy
.ASL
ASL
Hay
1hD
Hay
RSL
RSL
RADD
MV -
MOV
AbD
LDF
MULF
MOV
ADDF
MOV
STF
S0R
Y
MOy
oy
sl
CEIR
ASL
HADbD
Y
Nk,
el
P
nn
rihpe
s

*7.RO
IPH.R1

R1

R1

Y. R

4P, R2

/. R2

‘.\":‘ F:'-‘
IPHIQLRS ve
(RI)+,ACO
(R2)+,ACH
(R +, (RD+
(PDY,ACO
(Pd) 4+, (R +
ACO, (RO +
RS.32%

38%

- IPHIO.RS
111.R0
RALRS
RS,~(SP)
RO
rO
FQ.R4
#2,R0
IPHLRI1
R1
R1
Y. R1
#P,R2
#Y,R3
#¥, R4
(F1Y+.AC
(RA)+.0CA
(R +, (R3)+
(ROY.ACB
(P +, (R3)+-
ACo. (RO) +
F5, 358
#Z.R0O
IPHIOL.RY
111.R5
RS.R1

Figure A.12 (Continued)
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I7%:

393

J3¢

Jabds

, 458

55%:

LDF
HULF
Hov
ADDF
HOV
STF
S0R

tnv
1l
fsL
ADD
HY
Hov
Hov

MOV

LDF
LDF
MULF
STF
SoR
JSR
Be
LIORD
Hoy
oy
CLEF
0B

MoV
RTS

JEHD

Figure A.12 (Continued)

(R1)+,ACO
(R2)+,ACO
(R +, (RD+
(RO),ACO
(R +, (R3)+
ACO., (RB) +
RS.37¢

111.R0

Ro

(Ns]

*Z,.R0

RO, 43%
RB.,=(SP)
1PN, RS
RS, ~(SP)
SIPND4LACY
(RG).ACO
AC1.ACO
ACO. (RA)+
RS, 398
RS, ZLRITE
44%

2. 1PK
(2P)4.R4
(SPY+,R1
RO+

R4, 45%

(5P)+.R5
RS

A-16
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v e L e S b T 1 cibione ] e dt L aoblll

SUBRNUTINE FFTOVR .

COtOH OVRAY(1282) ,2¢10820) . W(1282) ,H(1821]) , X(1020)
COMWHDAVAL -~ 1 4 ICSDR. 10, IPN, IPN1Q, IPHIGL. 13ET.SIPND4
COMPLEL YC(BA]) . 1L(641)
EOUIVHLENCE CVCD L VEZ 1Y) L (W)L WCC D))

CALL LOADBC FET .8, 1IER)

CraLL FETOYUD) . 9'02), 640,610,640, 2)

Chall LOADC REAL TR’ . 0. TER)

CALL FENLTROY(1),Y(R2).640,2)

o2 1=1.641

NS PERIN GBI g B

CALL REALTRCY(1),Y(2),640,-2)

CALL LOADC'FFT? .0, JER)

CAlLL FFT(Y(1).Y(2).640.640,640.-2)
RETURH
EHD

Figure A.13 Subroutine FFOVR
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C-FILE~  PIOIVICFT , C310,510! da-JaH-74

18

‘1oe

a0

cotbin vt ot D i s o ekbmbert U gl sk

SUOPDUTINE FETCR.BL.NTOT.H.HSPIH. TSH)
DINENSINH N B )
DIMEHSION MFACCB) . HP ()
DIMEHSION 6T(5).BT(S)
EQUIVILENCE (1.1D)

[} TR

I ¥ixF =9

[=0

JF=0

K=

H8

KT=3

HFACC 1) »2

HFAC (212

HEAC(3) w2

HFAC(J) =2

HFACCS ) D

HFAC(E) =2

HFAC(7) w2

HPAC(8) =2

IHC»]SI

FAD =2, 0 tATANC] , B)
ST2=RADS .0
CP2aC05(572)
ST2SIN(GYE)
S{2020RT(D, 75

IF (1SH.GE.O) GO TO 10
Si2e-5p2

S120.=-3128

FADw=-RAD

INCw=J}IC

HTw IHCHHTOT

KS = IHC EHEPAN

LaRati«l: g

HH =T« THEC

JC= S

RADF =PADIFL OOTCICI N, S
SDeRADF-FLOAT(KSPAR)
CDe2 DS IMOS DD NeR
Lh=SIHYSR+5D)

ksl

T=1+}

IF cHFaceDd  HE.Z) GO TO 608
ISPAN - 5PN -2
KinFPRte2
Faubl H LPAN

Fitb el Ll 20

(413 AU A
HEL2V - ekl v=nik:
BUlzz el
AP Y ol vape
EN RS VAN AR TH

Figure A.1l4 Subrdutine‘FFT
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v Y- pzanseni
= IFerLcan o0 70 218
1K=k -1t .
- IF (KLLLE.JCY 63 TO 210
IF (VE.GT.ESPAID GO TO 800
- 220 Ct=t.u-CD
Si=5D
_ 230 | K2-KEHISPAH
- (K =N (H1) -ACK2)
. : EK=BF1)-B(K2)
AKE)Y =AY +ACK2)
CEIDY =B(KK) +B(K2)
AK2 =C1 -5 198K
EE2) S 1MKk4C1BK
KR =K 245N
IF (KI.LT.HT) GO TO 239
K2=KK-NT
Ct=-C}
KK=i1-K2
IF (KIK.GT.K2) GO TD 230
AV sC [~ (CDUC145D151)
| ) SEuiSheL1-CD4S])+5]
© Cl=PK
K sFE+3C
- IF {KK.LT.K2) GO TO 230
k1=l 1+ 1HC+THC
K=K 1 =KSPaHY 724)C
CIF CLKLLEVJCHICY GO TO 220
GO TN 109 -
S10  C2=C72+42-572%12
S222.0tC721572
528  Kl1s=KI'+KSPARH
K2=k 14KSPAN
K3=k24KSPAN
K 3=K3+KSPAN
AKP=RCET) HI (KL
AKM=ACK 1) -/ (K4)
BIP=B I 1) +8(K4)
BKH=B(K1Y-B(K4)
AJP=NCL2)HATKS)
AR -ATE3Z)
BIP=RII2)4B(K3)
BIM=BiL2Y-B(K3)
A=A
BR=E(KK)
AEY=AAINEPHAIP -
B Ly =2R+ERP4BIF
Al =Rl PACT 2 +AIPIC24AN
BK=ELFICT243IP4C2+BB
AT=OUIET24HATTINS2 .
BJ=BLIHIT2HBIMNS2
AL =t ~R T
. Ak oAk +B S
¢ Loy =nr g

Figure A.1l4 (Continued)
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Bl =RK-Al
Al P VL 24RIPICT 2480
Qi =RLMIC2aRIPICT 218l
PRt s2-nJiesr2
BI=ENIH52-BIMAST2
fak2Y=AK-BJ
ACE3) =NIAR)
BK2y=BI4AL
B3y =BE-RJ
K1 =K SHESPAN
1IF (.. LT.HH GO TO 520
(TN 1]
I1F (KK.LE.FSPRH) GO TO S20
GO TD Te
£00 K=tFACy 1)
ZSPHH=RSPAN
KSPAH = SPAHA
1IF (1.EQ.%) GO TO S16
gl IF ¢1.EQ.ID GO TO €00

KirJC+1
T8 C2=1.9-CD
S1=SD
720 C1=C2
$2=51

KE =11 +KSPAN
730 AKeAUK?
ALKI ) =C 24 A =S248 (KK) :
B (K1) 2 52:0NK +C2¥B (KK)
KF =KI HSPHN
IF (EK.LE.NT) GO TO 739
A =S 1KS2
S2=3 1402401452
C2=C1102-AK
KE =k =HTHSPAN .
IF (FK.LE.KSPHID GO TO 730
C2=C1-7CIHC145D*51)
.S1-31+(5IH1-CD*S1)
Kb =K} =E5PHHEIC
IF (FE.LE.rSPatld 60 T0 720
Vi =k -ESPAN+JC+ING
IF ¢Fi.LC.JC+ICY GO TO 718
6N TO 10U
200  HP(11=KS )
[F (T :En.0) GO TN 890
E=ETHKT+1 _ :
IF (TLLT.EY E=K-1, -
I=1
HPVEA) o= 0
210 NPCIRL =R T HEACE D)
RS NG KL 1) . :
Ju ' '
. F=li-1
IF (7.LT.K)» GO TO 810
K3=HEC 4]

Figure A.14 (Continued) o




[IRAIETHERT RS
tr- e
K3 SPhitet
J=1
820 AKeR1IK)
QR v
VCK2Y il
T H)
B(KE »B K 2)
B2 [ . :
Kl b4+ 11HE 5
K2 wREPa4K2 i .l
IF (R2.LT.13) GO TO 820 , i
B30 K2=K2-HPLD) N
RERRD ’ .:
K2eNP (#1482
IF (k2.GT.HP(D)Y GO TO 830 .
Jul .
840 IF (KK.LT.E2) GO TO 820 p
N {10
K 2=l SRt 2 _ .
IF ¢:2.LT.EE) GO TO 840
IF (LK.LT.KSY GO TO 830
JCehE
890 YFCI4ETH] (GELM RETURN
- ESPHYHSHP (KT +1) . .
JalfKT :
HFAC L J4)) =] '
90 HFAC D «»HFAC (I HFAC (I +1)
JuJ-1 . .
IF (I NG KTY GO TO 909, - : j
KTwl T+ ' )
HH=HFAC CKTY =1 '

R SR

IF (IN.GT.II0%) GO TO 998 :
JJ=0 , o
J-0 ' 3
80 TO 906 . k
J1=13-12 ;
2=k . 1
Kal'41 S :
bl IERHE (0 _ |
904 Jdekl K1)

IF (11.66.E2) 60 To 902
NP (J) )] - r
K2sHFAC (T 3
Fuk T4 :
S MR ) i
REREY
IF CI.LE.D GO TO 904 f
=0

GO T3 814
S10 ekl
. FECIr

i
=
pav}

1]
[
7

HECE tas )]

Figure A.14 (Continued)




3 IF WL GHELD) GO TO 910
; E3el1: :
: 9td Jrde)
' EieHF (D
IF OFLLT.0 GO OTO 914
4 IF ¢kILHE.JY GO TO 910
HP(J1u=] ;
s IF CJ.HE MDD GO TO 914 ;
f M e HHSE R THE : '
z GU T 950
o 924 Jul-1 >
o IF CIPCHLLT.0) GO TO 924 : . g
JIeis
KSPRH 1D
TIF CIILATLOHANF)Y KSPAH aMANF )
JI=JJ-KSPA - :
1
3

‘0
[
[0

. KatP (D) . .
{ KKeJCHAT143) : '
g K1 =) K4+KSPAN , . -
/220 | :
v 928 K2sl2+1
g COAT2)Y ALK
BT(E2) »R(K1)
BIC R
IF (H1EKK)GO TO 928
922 | {=KK+KSFAN
Poul = J0E(EHHP CK))
K a=NP C12)
936 A1) »ACED)
B L) sRCE2)
Kisk1=1NC
F2nk2=THC _
IF (M1.HE.KEY GO TO 936 - -
ko2 - A
IF (). HE.JY GO TD 932 )
K 1 wEEAKSPAN - _ :
[2r0 5
adn  E2e 2
HUE LT o2y
Bk D eBT ) : ' .
NEREE :
I FLL R FEY GO TR 949 b
IF +J),NF.0) GO TO 926 . i
iF (JLHE. D GO TO 924
956  Jek341
HT=HT=b SFHN
1IsHT=1NC+]
IF (NT.GE.©) GO TD 924
RETURN
998  I18N«B
CALL ERROOD (265)
. EHD 0

b thifac

Figure A.14 (Continued)
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&

19

30

SUBPOUTINE REALTRCA,B. N, ISN)

DIMENSION AC1),.BC(1)
EEAL N

IHC=TARS CISH)

el ETHIC+2

Hi{=HK.72

SR, 0tRTANCL,BY AFLOATMD
CDa2 Q45 TN(SD) »k2
ShaS IN(SD+ED)
SH=0,0

IF CISNLLT.®) GO TO 30
CH=1,0

HIHE= 1) wf(])
D(Hk=-§y=B( 1)

D0 20 Jel.HH. NG
KwlK-1

A=A D) +ACK)
AB=A (1Y ~{1K)
UR=BCI) 4B (K

BB C¢I)~B(K)Y"

PE =CHARA+SHANB
IH=SHABA-CH4AB

BUD =1H-B8
eCy)=1M+BB

ACKY »AR-RE

AT “AA+HRE

AN =L H- CCDACHASDASH) '
SH 0 DHCH-CDRGHY +6H
CHe(A

RETURM

CHe=].0

She=§D

GA TN 19

EHD

Figure A.15 Subroutine REALTk
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s

PRV EE-HoK S

SUBROUTINE SUB2(IOFF) :
COMHON/0VR/Y (1282), 2(1020) , W(1282) H(1821) , X( 10209) : {
COMMM, DAVAL /11, ICSDR, 10. IPH, IPHID. IPH1OL. ISET, SIPND4
DIFENSION PC1920)
EQUIVHLENCE (H(2).PL1))
L1MDCCIT+1), 10D
[Tl=114IPH
IF(I11.6T.0)G0 TO 34
IFCIOFF.EQ.0)G0 TO 31
DO 30 I=1.1PHIQ
[12=1+1PN
, 3@ Y12 =X(D
GO TO S5
31 DO 32 Is1.1PHIO
21 =PI+ IPHI MR (1 42¢ 1)
32 YD :
GO TO 38
34 Ild=IPNIO-111
PO 35 1=1,114
112=1+]11 _
ZalLE) e CL+IPHY AR €1 +2C113)
35 YD .
112=1FHIG1-1T1 _ ' : o
DO 37 lei, 111 . . X
113al+114 -
2O aYCTHTI2IHP (113 421D .
37 YOS : - h i
3 DO FA InlLIPN g
1L4rT+111 _ ' -
39 ¢+ 20114 =2 (114)#3IPHD4
LRITEC3) (ZC1+111) 5 11, IPH)
45 - DO SO =1, 1PN
8 2U+4111)=0,8
= 55  RETURN
. EtID

L melaeed. M e . G

N .
3 ;
» \
. k)
. "
5
B i :
u i Rl
| . N W
3 3
3
8
k- Figure A.16 Subroutine SUB2
k
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JHAME LAG

JNAME SUUB
At JFLTR PLAY11/CC-ERRF-MINDEV-CNRL IB-FTNLIB
! JFCTR LAG-LAGI-FTHLIB
c JFCTR SUB~-SUB1-SUB2-ZWRITE-FTNLIB
Dt .FCTR FFT-FTHLIB
Et FCTR REALTR~FTHL1B
Fi JFUTR FRTOVR=FTNLIB
JROOT A=CB.L, (F-(D,E)))
JEMD
i
I
I 1) 4
l .
_l Figure A.17 Overlay Descriptor PLAY1l.ODL
.
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[ DIFEN;ION MRS L YS09), 2L1066) ,H(G11),P(R55.2) ., V(255) . W(255,2) HT .
(229, HZCIA2M (ST JHAME (5) L EAILE *2048) :
c Pnoannstrusr.ne COIPILED WITH THE OH SWITCH. i
< EOUIVALEHCE (H(2Y PCL, 1)), (CTEMP. 1AR) E
‘f~ DATA HAME-3%*  *,°.D*,*AT" 7 1
‘ PATA .V 0L 2L ITENP. ISTATE. I TH2 /200640, 0. 31/ :
[ DATA TPH, TRHLL TFU2, TTHP.255, 254,510, "270/ .
' DT 1PH221. TFI22Z, 1PN, IPHA21. 1CSOR. ISTOR/531, 532, 1020, 1841, * 1775
} 70, " 2007 ;
s DATA 1PH247, IPH446/557, 1066/
[L , DATA HT/ . H242GEB3E~-2,0,,,75582797E-2,0, ., 1197560RE-1.0.., ., 16007 142€
’ a-1.e...zsaresnse-a.o...zrsx15515-1.5...52997&9 E-1.0,..76534823E~
*.0...11669172.0,..20558768.0,..63442332,0
IRSTAT=0
LRITE(E, 100)
READ(6.200) THAMEC(T), 1=1,3) °
LR 1TE (6.300)
< REAN(G. 400 IF IL
- END FILE 6
‘ IFIL=IFIL.-1
» VOIRHD «FLOATCISTATED
3 : PO 11 1«2,IPN -
T ISTRTE=IFSRCISTATE. I TAP) .
IF¢ISTATE.AND. 1)5.5, 19 :
5 ITEMPu=| . i
19 COIPHe 1= l)-FLonT(lTEMP) : -
1 ITEHP=1 ‘ !
DO 12 =1, 1PM1 : ;
12 YOI ey T+ PN 4
. CALL SETFIL(Y,*LAGR.DAT’. lIERR. "DK".0) : :
3 READ (1M : i
- END FILE 1 R
~ CALL SETFILC(Z.*STORt.DAT’.1ERR.*DK".0) ' : {

Famnrmeitnacit 2. T

S s itleenis e it e

¥ DEFINE FILE 7¢A. IPNh,u ITM2) - 1
! ChlL $ETFILC).*TESTD.DAT . IEFR. *DK*, Q) , . . ;
g ! thLL SETFILfZ.Hﬂtﬁ.IERR.‘MT‘.B) ‘
_ "o 13 Ie1.8 _ q
(. _ 13 WRITECZ ITHD (WY 1), I=1, IPH) ;
PEADCL.EHND=TSY (T (). In22, IPN221) 4
[0 S0 IK=t,IFIL.2
Ihdelk=2 :
DO 40 1L=1,2 y
- 1IelL+IF2 s i
p J=HDC LT 4
" 100 3 TPH+2] ;
1ok Fad i
IFELLHE . MRA TN 23 ) ‘ K
TACTEE PUE LR TG L

. TN RIS
'Lm S RN TRRARN
1S SO UeRor -2

NG TelLdl
l& nrDEsTOD
READLCT EHD=TEY (2 I L JOn TFH24T . [PHAL6)

T

Figure A.18 RECSCF
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o "

NN
Py —

(2]

24

o 13 1=dr, IMHA46

TEMH =ZCIY+Z (- b

IF IaP EN.MGO TO 19
SUBTFACTING 200 EFFECTIVELY DIVIDES BY 2.
INRaIuR=-15TOR )

SOl a2 1= -TEMP

Mm 2N 1=1.16

STelral e IPHY .
+HICNLCULATE HILBEPT TRNANSFORM
Do 22 1=, IPHd :
TEMP 0.0 R

TEHP = (ZCI+EL= 1«2 CI-KL+43) Y #HTIKL) +TEMP
HZ (1) =TENMP

AtCARRELATE AND INTERPOLATE
THI=0DC ). 2

1JKZe [ J14-3

LINM=(SH{TJM. 1D

1SETaISETH< ,
IFCISET.EQ.OGO TO 27
1JI=1JJ=21 °

PO 2% I=1,IPN

13J8n1JJ+1

Wila D) eHZCEI ISP CTL 1)
WETL.2)=HZ(IJISIIPCLL2)

GO TQ 29,

po 23 I=1.1PH

1JJS=]JJ+1]

LICT. 1y u2CLJISHAPCTL )

W2y eZ2(1IISYAPCL,2)

PO 30 ]=1.2

1Ml T 1+ISET

WITECS 120 (W)L DL II=1L 1PN
1JEH= 1 J+]

caLl. STaSH TJKML ICSDR)

0 21 K=1.2
FE=RDC(TIETS-R)Y . 2) +]

KK 1=2-K

JI2=2V (KE= LV R+ ISET

FEADCT II2) (LICIN1. 1. )1 =1, IPN)
Chall LOOPCIFHL S Y. W)

CONTINLE

LRITE 23

IFCTLLT. 296G TO 36

O35 I«1.IPH

VO =D k24 (D)

O 37 l=1,0FH

»riv=A.n

IEVITET RO 0G0 TD 24

P =-pvl VLGEVTFIIDGE TO 50
[Ev 1. DPEADCLENDeS) CGZOIRY, IP=22, IFN221)
FOHIT 1My

(R N

IPSmT

Figure A.18 (Continued)
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80

100
200
300
400
500
=00

EHD FILE 2

END FILE |

EHD FILE 32

WRITE (5. 58m) v _
IFCIRSTAT.ED, DLRITE 5. 600)

FORIIAT O EHTEP NAME OF QUTRUT DATA FILE*.,)
FORMNT 22

FORIINTC® ENTER IFIL* )
FORMNTCID1S)
FOPMNTC L, 1OEL2, 4)
FORMATC* 1END OF FILE’.)
EHD

Figure A.18 (Continued)
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;.

; DIMENSION HC1821)

g, CALL LAGINTC(2.285,H)

; CalLL SETFILCL.*LAGR.DAT”, IERR, *DK*.8)
; WRITECII (H(IY, 1=1,511)

) END FILE 1

; CALL LAGINT (4, 255, H)

E“ CALL SETFILCL.”LAGD.DAT" . 1ERR,"DK’.®)
; WRITECIH . .

3 EHD FILE 1

; END

! )

b

Figure A.19 SETIAG
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LR -

18

12

COMMON/DAT X (2%5) , ODAT(B1, 17, PIAT(B L. 1?) L WEIGHT(32)
DIMEHSIOH TS5 125, IF1(2,.95) . HAIE (5
DIMENSION FAKE(2048) - .
DATA IVAR. ICSTIR.HAMEAZ L, " 177570, 3%  *,*.D*,"AT"/
WRITE(6. 10D)

PEAPCG.20M CHATE (1), 11,3

WRITE (&, 300)

PEAD(6,400) 1BEG. IEND

EHD FILE 6

1JK=0

IFCCIEND=-]DEG) LLE. 127)G0 TO 5

1D IF =255+ IBEG~- IEND

HFIL~IDIF+1

IF(HFIL.GT.8SYNF IL =83

ITEIPS=IEND

GO TO 6

IDIF« IEHDL-~IBEG

NFIL=IDIF+1

IF(NFIL.GT.BS)NFIL =85

ITEHPS= IREG

ITENFF « | TCHPS+16

1JK=TJIK+1

IF(IJK.GT.S)GO TCO 19

IFCIDIF.LT. I?)ITEMPF = 1 TEMPS+IDIF
I1S10L. 1JK) = I TEMPS

IDIF=IDIF=17

IFCITENPF.GT,255) GO TO 8
IF1¢1, 1JK Y= I TEMPF

IFCIDIF.LT.ONGO TO 18

ITEHPS= [ TEMPF +1

GO TO ©

IF1C1, 1JK) =255

1S1(2, 1JK) =]

IF1¢2. 1K) = I TEMPF-255

IFCIDIF.LT.B)GO TO 10

ITEMPS=IF1¢2, 1JK) +1

GO TD © !
IFCIJK,GT.S) 1JK=S

WRITE(S,d403) 151, 1IF 1. 1JK

FND FILE S

Call SETFIL(1.*DELDOP.DAT’. IERR, "DK*.0)
DEFINE FILE 1CHFIL,128.U. IVAR)

CAaLl SETFILfZ.NAME, JEPR, *MT*.0)

DO 12 T=]LHFIL

LRITE (1 IVAR) (X(J).J=1,64)

M) 7O FEL=1.1JK

TR IES RE S Iy

BTN SN

CALL STASHCT JEN. ICSDRY

COLL LOTHhG O 1T 1S O LY L TR EC L ELD) L TERRD
Il«]

AR (N N R LA G N R RN |

TECIS 2 L HE M 12 124 IR 1 C2 PLY- 1S 1 (2. L) Y+
IFCICRP L MGH TO 2d

Figure A.20 JCSPEC
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™

20
22

23
24

25
28

3e

35

40

45

7’0

iyl

1o
200

- [P TSROV N R

IF(LL.E0. 160 TO 28

GO0 Tn 22 :

CALL LOTATE (18,64, 1S1C1,KLY, IF§C1.KL)Y,» IERR)
IF(IERR.EQ.DYG0 YO 24 :

DO 23 «]EPR.64

023 11t 12

onAT(L. 1 =0
PLATCL. 1) =0.0

GD TN 26

I'0 25 |=65.81

Do 25 1J=11.12

[3=]=17

QDATC(L, 1J)=QDATC13.10)
PIATCL. 1 ) =PDATC(13, 1)
SERR=FLOAT( IEFP=1) /64,
IFCSERRLT.D)LERR=],
IF(SERR,EN.A,IGO TO 70

po SR I=11,12

10 20 J=1,32

ODATCT, 1) =0NAT(I. D HETGHT ()
PDATI Y, 1) =PDAT(J, 1) HUE IGHT(J)
DO 35 Ju33.64

J1=g5~J

QDATC(J, D) =0DATCS, D HUE IGHTCI LY
FDATCJI, 1) =FDATCS, DD AWEIGHT (I 1)
CALL FFTIODAT(1, 1),PDAT(1,1).64,64.64,1)
PO 40 J=1,.64

TEMP 1 =GDATCI, 1)
TEMP2=PDATCJ, 1)

QDAT(J, 1) nCTEMP 1KTEMP 1 +TEMP2XTEMP2) %SERR
IVAR = IND+1 _

PEADC1* IVAR) (X(MP) s MP=1,64)
DO 45 Je=1.54

S I =X (JYHODATCI, 1)
IVAR = IVAR=1
LRTTECL* TVARY (X(MP) ,MP=] . 64)
DO vu 1J=i.17

DO €0 I=11.12

[H=1J+64
POATCLIY, D) =ODATCIIL. 1)
PEUTOLL, D ePDATOLILL 1D
IFCIERR,.GT.MGO TO 70

GO TO 2h

REWIND 2

END FILE 2

IVAR=1

0 8D I=1.HFIL

PEART L' VAR (X(MP) L 1P e 1. 64)
S RO PA AR

WP TE LS 5000 LR, P s )L Ed)

0011 U TV P
Eln riLe 1 ’
ORI PNTER ColE OF THRUT DATA FILE' )

FOPIIMTOSAHE)

Figure A.20 (Continued)

A-31

PR

T




300

400
500
608

19
20
25

FOPLINTC EINTER IHDICIES OF LEFT AHD RIGHT TAP BOUNDARIES®~
1" 1FLTIM CIRCULAR SERPARATION OF TAPS=B4’/) :
FOPIMTC2 142

FORIWMTOIOELZ . &)

EQRlHT(’/‘ RECORD NUMBER=’13)

Hp

SURRDITING LOTATECIL, 12, IS1, IF1, IERR) |
COMMIHDATAC255) , OIAT(B1. 17) . PDAT(81, 17), WE IGHT (32) '

DHENSION 1312), IF162), IOFF(2) :

IERR=D

10FF (1) =9

He2

LOFF (2) = (IF1C1) =181¢1)) +1

IF(151¢2) .EQ.@)N=1

10 20 1elf,12

READ(2.END=S)X

GO TO 8

1ERR=1

GO TO 25

DO 18 1J=1.N

ISTART=IS1(1)

IFIN=IF1CT)

D 10 I~ ISTART. IFIN

J1a]=18TART+1+10FF (13)

ODAT (1, 1) =X(J)

EHD OF FILE CANNOT OCCUR HERE IF IT HAS NOT ALRERDY HAPPENED.
READ (2)X . ;
DO 15 1Jel.N ' j
ISTERT=ISLCIY) , )
IFINSIFL (LD ' :
DO 1S J=ISTART, IFIN ]
J1#]-1START+1+I0FF (1J) ¥
PDATC1,J1) ==X(J) ‘ : ;
CONT INUE , S
RETURN %
END I

e Rl o 3 fhete I Gt s 5 IET s o Ti A s L s s

Bes ear

BLOCtH. DBATA

COMRWIH- DAT A 02551, 0DAT (31 I7)LPDATIRL, 17) L, LIEIGHT C 82 -
DATA 3 ODNT.PRAT. LS IGHT2009240, 00, , 2543325, . 2837085, . 3129016, , 3443 i
1262, L 37R 33631, . AN84023, | 4408203‘.41«4135-.5Ub3301..3370?&?;.5?17?3' E
2., 604022 ). BIGN360. 667222, 6381231 S 70N, L TEID TN, V04TIRT,
73113310, . BI6593 1, 8503978, . 8026353, . 9032013, , 9220010, . 9383438, , 453
43502, 9669485, , 9778773, . 0066837, . 9933259, ., 9977716, 1.0/

EMD

Figure A.20 (Continued)
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DIMENSION SDAT(E64.14) .NAME(S) .
CALL SETFILC1.°DELDOP,DAT’, 1ERR,*DK’.D)
URITE(E, 100)
READ (A, 200NF 1L, NREC
DEFIME FILE 1<NFIL,128.U, IVAR)
IViiRa{
HRECL =HF IL.~NREC+1
HRECL =MAXD (NRECL ., 14)
HREC=NREC~1
IF(HREC.EQ.0)GD TO 8
D0 S 1«],NREC
5 READCI® IVAR) (SDAT(J, 1),J=1,64)
8 L0 10 I=1.HRECL )
18 READ (1’ IVAR) (SDAT(I. 1), w1, 64)
0 12 [«33.64
12 WRITE (S, 300) (SPATCT. ). Js 1, MRECL)
0 13 J«1,32
13 WRITE (S, 300 (SPATC(1.J), Jui,NRECL)
10R  FORMATC® ERTER NO, OF RECORDS IN *°DELDOP.DAT".*/
1° AlD FIEST RECORD TO BE EXAMINED,* )
200 FORMATC2IS) '
300 FORMATC(14E9.2)
END

Figure A.21 DDREAD
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" : DIMENSION »(96), DOPMAR (6:4) . DELIMAR (A%) . DELFK (5, DOFFK ¢ 10) .
LIDELPK S, SIOPPK10)  SDELD(S)
- DATH DOPY IR, DELHAR 14340, 0/
A W ITE (5, 10
‘ : PEAD (0. 20MHF 1L
"- CiD FILE B
END FILE 6 g
. CALL SETFILC1,*DELDIP.DAT®, IERR, *DK’.0) 5
" DEFIHE FILE 1(HFIL, 128,U. IVAR):
VIR =1
HZRES 9000, /1 255, %64,)
. HZOFF 1==32, 4HZRES
H2O0FF2u31,kHZRES
PELRES =1, /9000,
DELTOT=FLOAT (NF IL~1) /9000,
.- DO 30 1=1,MFIL
READCI® IVAR) (X(D). J-33 96)
5 Jet.32 :
‘ ) MO T464)
[ PO 1D JI=1.64
Stk =1,
IF(CI.EQ, 1).OR. 3. EQ.64))5MILe,5 : ¢
10 DELMERCI) =DELMAR CI)+XCJ) #SHMUL
SHMUL=1, : u
IFCCLLEQ.® . OR, CLLEQIFTL)YYSHUL=.S - : :
PO 2N J=1,64 -
20 DOPMARCJ) =DOPIIR (J) +3¢ Iy HEMUL
30 CONTINUE
END FILE .0 .
WRITE (S, 300XHF 1), DELRES '
- - WRITE(S. 800) (DELIWRCI) . In1, NFIL)
L WRITE (5. 500)
~ WRITEC(S, 400) HZOFF1.HZ20FF2,HZRES
WRITE (5. 6NN DOPMAR
; LR ITE (5, 500) ,
| DO &l T=1.HFIL
e PELIHTDEL THT4DELMARC D)
) 40 DELI=DELINIFLOAT¢I) #DELMARCD)
. DELH=DELM~DEL INT
i DEL I3 ~DELMATELRES
¢ oo 45 I=1.64
DOPIHT = DUPINT+DHPHHP(I)
45 DOPM=DARHHFLOATC1-33) %*DOPMARC 1)
! DOR-DOPH-DOF INT
IOFHH»DOFMIHTRES f.-j‘
DO S0 Tef HEIL
TR ORELHNS, LT DELMARE 1) ) PEL M =NELMARC 1) é
S0 DELVARaBEL R LR T O ~DELTD - 2wDELHAR (1) f
; PELVAR =DELAYE - TEL INT
: IR B BN
f TR LY DOPHAR C Y DOPHIA, =NOPHRR L 1D
- °5 LIV R s BOPYLE A CFLONTE [-23) ~DOFH) 442 HDOFHAR ¢ 1)
DOrOE -norvne. ORI
DELSGDG oS URT CDELVHE) ADELRES

P

gt e =~
e D T

O

D N - N S

Figure A.22 DDSTAT )
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PIPTDHSOR T CDOPYIE Y HIRES
WRTTE S T 0r RELT ., DELS DS
LRI (5, S0m0)
LIPTTE ¢S, 8N bort M., pORSDH
DEVPECIY DL TR C LY
DOPFECLY »D0PHAR (1)
BLD
IDEL =0
DO RO =2 ,HFTL,
DIFF=PELHAR (T ~DELMARCT=1)
IFDIFF.GT.0.) GO TH S8
IFC(DIFFO.LY.0.) GO TO S8
IF CCDELMARC I=1Y DELMAY) LT, 1.E-2)G0 TO 58
DELPK (Jy »DELMARCI=1)
IDEL = JDEL+)
INELRE(J)Y =] =}
RENE S
50 DIFFB«DIFF
() CONT IMUE
J=1
DIFFOuD,
1DOP B
IDELI~IDEL~1
IFCIDELL.ER.MGD TO 66
- PO 69 I=), IDELY
SDELDCDY »FLOATCIDELPK C14+1) - - IDELPK (1) )%DELRES
Do e I=2,154
DIFF=DOPHAR C 1Y =DOPMARC T - -1
IFCDIFF.GT.0.) GO TO 68
IFCDIFFA,LT.B.) GO TD 68
IF CCOPMARC T~ 1) ~DOPHAX) LT, 1.E-2Y60 TO (1]
IOPPLC Y)Y »DOPHARC ]~ 1)
1D = IDOP+1
SDOPRICT D «FLOATC 1-34) +HZRES
RENEN
3] DIFFA=DIFF
A CONTINUE
URTTE (5.500)
WRITE (5.8900)
WRITE (5. 1900 CIDELFIKCT), [=], IDEL)
IFCIDELLLEQ.BYE0 TO 75
WRITCCS, 1200)
WRITECS. 6RO (SDELDCL) . I=1. IDELIJ
s WPITE (S, 500
WRITE(S, 1 108),
UPITFcﬁ.hnn)r'hDPPKLI1,l =], IDOP)
1an FORMATC' EHTER HQ. OF DELAY TARS FROCESSED* )
eiAlx] FONMAT t4n
any FOPELCTe S itk DELY PUMER brsirgerIaln ror TE

[
gen

IHINFDL * 2 ERCH rar 1% SEFRFRTED BY' . E Q. 3.0 SECOHNS, "
BN FUPTRC THEL 0l DOPFLER FULER PSP TN o,

IEFCS0 1 SHLPS DR .2, 2.
R L BN Y AR R T o AP
YN FOr Y S ar g, 4

Figure A.22 (Continued)
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700 FORINTC(® DELAY ICAH="E18.3° SECONDS-—-COPRESPOHDING STRHDPARD DEVIA
ITION="F10.3° SECONDS” /)

200  FCFRIknir” ['DPN FF lFﬂllf’FlU.S’ M“ ------ CORPESIOMIDING STAUDARD DEVIN
ITIO"FI10.3° HZ”/)

Sy FOPYATOT MELAY PEAKS DLCUR AT THP3:°/)

1098 FORMITOSY, 1016y

1108 FURINAT” DUFILER PEAKS OCCUR AT FRENDUENCIESCIN HZ):*.0

1260 FORITATC UITH fORPE'iPONDING TIE DIFFERENCES IM SiCOLDPS BETWECH DT
ILAY PEAIIS OF:°)
EHD

Figure A.22 (Continued)
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10

20

30
50

109
200
300

DINENSION Y(O7rO).VYS1C122),VENC2%5).,.V52(123),VSP(255).FAKE(2A48)
EOUIVALEHCE (Y (1), VSIC1)),IVSI(1),VSQA(1)) ., (VSZ(I) VSP(1))
COMONFANSIDATL . 12
[inlE6R2}
[2n-24376
LWPITE (6.100) .
END FILE 6
PEAD(S, 300) IFIL
EHD FILE 8 _
CALL SETFIL(3. HFSIMS.DAT’, IERR, *MT*.B)
CAll. SCHAM(VYS1.VS2)
1CSDR="177%70
IFIL=1FIL+4 J
DO S0 J=1,IFIL
1JKi1=)
CALL STASHC IJKM. ICSDR)
CALL CHANC(VSI, VSE)
VS1(1)=0,
Vea(1) =0,
Call. FFT(VSRC(D) .VEP(1).25%,25%.25%.-1)
PO 1Q 101,255
Ve (1) =vEQ«1) /258,
CALL FRTCY(I)AY(2) W 394.394.384.2)
CALL REALTR(Y(1).Y(2).384,2)
WRITEC(3Y
D0 20 1=2%6.770
Y(l)=8.0
DO 37 1=129.255
Y(1)=0.0
VSP(1) 2.0
CONTINUE
END FILE 3
FORIHATr* EMTER IFIL*”)
FORMATCIX, 1DE12,4)
FURMATCIS)
END
SUBROUTINE SCHAN(YSL,VS2)
COMION/RAMSID /[ 1, 12
DITENSION Y2 V.P () .B(4).FDOP(4),.TD(4)
DIMENSION VSicCl12e)., VSZ(IZB)
REAL kA
CONMIIAFILT 80 o) 2 A2C4) L A3 (A
COMIH/CHAND HPATH . NTONE
COMMOHL CHANHT - CHRHC4) LF INPH(128.4) . X0(8) . XI(B)
DATA TINPIE, 2631853~
LRITEC(S. 1QQ)
READTEL 1 12YHTONE
LRITEv6. 11D
FEND A INDFSER
LFTTE AL 105
PENDLDL 1Q3YRATE
WPITECE, (0D
FEADCEL 112HPRTH
PO S I=1.HPATH

Figure A.23 HFSIMS
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109
102
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WRITE B . IN2VT

FEADIE, 103)BC])

LRITE (e, 18 1

FEADR.IODPC])

WRITEE, 1071

READ (R, IO FDORCT)

WRITECR, 11V

PEMHLR 183 TDCD)

COMTINUE

OFFSETA0,

TFRAIEL, /RRTE

PO 15 Is{L HPATH |
FCIYe)D e ((PL]1)-3,010710,)
KOsEXF(~6,2331853%B (1) *TFRAME)
RICT) =2, %KD

KO=KDH:4Q

f2(1) ==KB .
AT =SART(P (IR, ~KO) #x3./( ], +KB))
RHO=AL (L) 71, +KO)

ro 15 Je=1.2
IF(ABS(BC1))~1,0E-6)B.8.9
Y(l)st,

Y(2rwy,

G0 TO 1o

CRLL. GRUSZIY)

V0(°Gl+! 2V nSORT(P (1)) %Y(1)

lf”’I+J-°\-GnRTfP(I))*(PHD*Y(l)+SQRT(l.-RHO**2J*Y(2)) '

EDHTINUE
DO 16 JI=}.NPATH
CHPH ¢ J) = TWOF 12FDOF (J) XTFRAME
A=TWOR I¥FDOPCIINTDCI)
DO 15 I=],NTQONE
CoTWQRTATD ) C(FLOATC L) ~ l )*FSEP+OFFSET)
FIVPHOLL I »ati0D (R+C, TWOP )
COMTINUE
CALL CHAN(VS1,VvE2)
RETURH
FORMATC® ENTER HUMBER OF PRTHS (FOUR OR FEWER) ")
FORMATC EHTER RMS BANDWIDTH OF PAR3IH’.12.° IN HZ' 1)
FORHATIF 14,9
FORIMT(* EHTER POUER QF FATH'.12.* 1IN DB".")
FORMAT(* ENTER FRAME RRATE IN FRAMES.-QEC*/)
FQRIRT . ENTER DOPPLER OFFSET OF PATH*. 12.° IN HZ'»)
FORMATC(* RAH TERMINAL COUNT®.2(18))
FORMATC® ENTER HNUMBER OF ACTIVE TOHNES®/)
FORMATC® EHTER TONE SEPARATION IN HZ2* /)
FORHATC' ENTER DELAY OF PRTH®. 12." IN SEC’~)
FARPMHATY IS
EH
CURPDIDTINE CHII VST
DU B0 N (28, ve 20 123)
COML THHS IR 1Y, 12
DHEHSIOH D2 P Gh Antinedg)
cornen nrnip HEATHOHTONE

¢

Figure A.23 (Continued)
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COMtON CHAND-CHPH (D LF DDPHC128. 4) , XB(8), X1(B) .
DATA TUOPL,G,2831853/ .
CALL FILT2HPATH. 0. X1)
b0 19 J=1,HPATH
Ke2w]=1{ .
RCJIY *SORT (MO 1K ) k2 4XO (K41 ) kk2)
GRITC ) =ATNR (MO CK+1) , B C(K))
18 CONTTHLIE
O 20 1y, HTOHE
VEICD) =0, . : . i
VS2(1y =0, : . , ,
, . DO 1S J=i.HPATH )
FIMPHC L, 1) =AHODCF IMPH( 1. ) +CHPH¢J) . TWOPR]) : i
R=FPH(1. J)+GAIHA(T) '
VS1CD =RIMNCOSIAYHVSICT) o
ve2( D =R{JI*STHCA) +VS2( 1) ] E
19 CONTINUE :
20 CONTINUE o
RETURN
END .
SLBROUTINE FILT2C(N.XD.X1) ;
COMIH- RANSID/TL, 12 i i
COMION-FILT- A1) . A2C4) «A3(Y) :
DHENSION -ui8).1(D).Y(2)
PO 10 I=)].N
CALL GAUSZ(Y) . ) 3
- PO 10 Je=1,2 ) .
Ka24:14J-2 '
Y3 eRTCIIHXOCKIHAZC T X1 CKI +AT (1) %Y (D)
HICKY =0 (K)
. HOCE) =Y () ;
iR CONY THUE N
RETURN ] ;
END .
SUBRPRUTINE GRNSZ(2)
COHION-PAMRID. 11, 12
DIMEHSTON 22
WeREAHOLL, 1)
TePRlCcI L, 12D
AP T-2 YALOGIKY) 4
el IORIRTIH )
S RN Py IR
2w STHLYY
FETURM
END

Figure A.23 (Continued)
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DILEHSION YIFPO) L Z(PED) LLIP7RILH(SIN LPISIN) . X(255)

DIFEHS IO FikE (204832

EOUIVALENCE (HC(2),P(1))

CONPLEM YT (303) .LIC38%)

EGUIVALENCE Y1) L YOO . (W) LUC (1))
DATA Y-7PPRA,. 0/, 2/7654D .0

DATA 10,11, IPH. ICSDR/2.~1,255. "177570/
DATA 1FH2, IPN3. IPN4-S10.765, 1020/
SIPHDA=1, /(4. 0¥FLOATCIPN+1) %768,0}
ISET=D

CALL SETFIL (1, LASR.DAT”, IERR, *DK*.0)
READ(1)H

END FILE |

LIRITE(E.300)

EHD FILE 6

READ(R. 100) IFIL

END FILE 8

CALL SETFIL(1,’PNSEQT.DAT’ . IERR,"DK’.0)
DEFINE FILE 1C1, 1544.0. IVAR)

cAaLl SETFILC2, "HFSIMS.DAT®, IERR. *MT* . @)
Coll SEMFILCE. *TESTD. DAY, IERR*DK*,0)
IFIL=1FI.+4

DO 70 IK=1.IFIL.2

[0 7O 1Xy=],2

FIKMe H+INY-)

CALL STASH(IJKM, 1CSDR)

FEADCLI* 1) Y

PEADC2.ENDe?SW

DD 30 I«1.385

AMCCD SO MICCTD)

CALL REALTR(Y(1),Y(2).3€84.-2),

CALL FFT(YCL),Y(2),384,384,384.-2)
Tl (CI141),3)

11l kIPN

IF CLLLLGT.IPN) GO TO 34

10 32 1w}, IPN2

SOl Ty aYr [+IPMI P (1) 42CT4111)

GO TO 38

11d=IPH3-111

nn 3% 1«=1.114

CI4 L LimY I+ IPHOYP DY +2CTI+L I
J12=1FPH4-111

113=IPN3-T1]

11411 1= 1PN

N 37 (81,114

crhre oI 204P LT IBIEC

' 32 1«1, 1PN

IRBEREN R §

Tl =T RS IPHDA

TN (R BT U I T (% L]

IFeilv ity GO TD 43

IR RN L A | Y

INB AR EIR D]

GO T0O 45

Figure A.24 PLYSCF
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43
45
50
7e

]
80

109
300
5@

WRITEC(I) (Xr.1), J=l, IPNY . (ZCI+111), 1wl IPN)

O S0 I=1.1PN

Z(I+111)=0.0

CONT INUE

GO TO &N

1SETr1

END FILE 2~

EHD FILE 2

EHD FILE 1

IFCISET.EN. DUWRITE(S,.500) IJKM

FORMATULS)

FORMHATC® EHTER IFIL®2)
FORMATC® END OF FILE OM RECORD’,15/)
END

Figure A.24 (Continued)
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2 DITENSION Y(770)
. pATa ISTATE, ITAP/1, *270/
Y(1) =FLOAT (ISTATE)
DO 1S 1=2,255
15TATE = IFSP(1STATE, 1TAP) .
 JFCISTATE.AND. 1)5,5, 10 )
5 1TEIP=1
10 Y(1)sFLOATCITEMP)
15 ITEMPs]
PO 20 1=1,255
Y(14255) =Y (1)
20 YOI4510) =Y (D)
. LRITE(S.500)Y
1 CALL FFTCY.Y(2),384,384,384,2)
CALL PEALTRIY.Y(2) ,384,2)
ALl SETFILCL.*PHSEQT.DNT®, IERR, *DK*,0)
DEF U FILE 1(1,1540,U. [VAR)
WRITECE” DY : .
END FILE 1 . 3
FALL FEALTRCY.Y(2).384,-2) !
CALL FFTCV.Y02),38d, 384,384, -2)
WRITELS,5AB)Y
580  FORIMTCIX. 10E12,4)
END

AT P e e 2n e L e G el i

Figure A.25 SETPNS
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210

SUBPNUTINE FFT(ALEL.HIOT.N,HSFAN. 1SN)

DHEHIION ArDY.BY1
DHEHSTOH HEFEAC KD LW 23D
DIMCHSTION AT(S) . BT
EONIVALENCE (1. 1D
IR F +S

M P23

1+0

JF =0

Kiwl

=5

LTe1

HFNC (1) =4

HIFRC () md

HF G (3) ~2

HFRLC(Y) =2

HFRACLS) =4

IHr=18H

RAD =8, OFATANCL . B)
ar2=FAab/5.0
Cr2s=Los(srd)
SP2-5IH(ST2)
2120=50RT(Q, ?5)

IF (1SIl.GE.Q) GO TO 1@
SV ew=972

S120»-5120

FAD=-RAD

THC »=INC

HY» THCHHTOT
LS=THCANSPAN
LSPANKS

MH=HT=- INC

JCAESAN

PADF aRuAFLONT(JIC) %, 5
Sh=FNDF “FLOAT(KSPAN)
Ch=2. D¢ INCSD) 4k2

SD-SIN(SD+SD)
IlF=1
Iel+]

IF YHFACCD) JHE.2) GO TO 490
kSPAN1ISPANL-2

E1=E5PAN+

2=k +KGPAN

Al =Ak2)

Bl =B (k2)

ACK2 =ACKK) =AK
BIR2)Y =B (HK) -BK
R =R R 40K
BCLL e B 48K

b Vel 24 SPRl

IFOELLEHID GO TO 218
ek U=-HH

IF fLLLELJC) GD TO 218

IF fHEL.GT.SPAND GO TO &0

Figure A.26 Subroutine FFT384
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: [f 220  Cl=1.0-Ch .
1 & Si=5h g
: 230 L2# ) tkSPAN 3
2 S (U A R X 2.
; {Q L sB k) =Bk 2D B
i RO RALERY 4R (12) ' ;
; B FBORE) +B(K2)
i [7 ACK2) «C 1Ak =-S5 118K
4 B2 a5 4 +C 1 HBK .
i FE sk 24k 5PAH ;
g . IF (1.LT.HYT)Y GO TO 230 . o
g l K 2aK-NT -
aE W Cl=-C1 ¥
; KKsK 112 3
e IF (RILGT.K2Y GO TO 230 3
1l ' AKSC 1= (CDIC 1 +SD4S1) _ '
s ' S1n(SDICI-CDAS1) 461 . . . C 4
| Ci‘nk '
- : KK =k +IC
] IF (K.LT.K2) GO TO 230
‘ K1aK1+IHC+INC
. : KK = () 1-1SPANY #24JC
IF (KIK.LE.JC+JC) GO TO 220
. GO TO 100 -
: 320  KK1=KK+KSPAN
ife 172K, 1 4+1.SPAN
] ' RIRDI{AS
Hi L. BESBCIR)
§ : AJe KT +ACKR)
iIFe BIsB(K1)+B(K2) ,
i ACKE) mAK+AT , ,
gL B (1K) =BK+B.J v
Ak u=, S+ AJH+AK :
‘I Gl m= ., SR 4RI .
i AIs A =AK2) ) %5120
; Bl=rBCLD~BE2))05120 3
, A1 ent~B) ' : ¥
: STRRE TR ;
i AL2) =Ak+B] : 3
i BOE2Y =B : X
4 Lk 24+SPAH
" IF (.LT. M) GO 10 3220 ) g
it Kt sk =HH : g
. IF (bv,LE.ESPAN) GO TO 220 3
N1 60 TO 700 -
400 IF (1FACOIY L HE.4) GO TO 600 ' '
‘K LSPIH I =ESRAN !
. LaPAt=LSPAN 4 ' 3
3 A0 Cietf.0 o
K : S1wn ' o
1 . Jd20 Ki=lbaEspan ' R
i R B YR ST S
i boaeb ol : g
AEPeALKL ) 4R 1E2) i .
' A

Figure A.26 (Continued) i
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438

440

450

460

[TIE B TR A Y YN B

APl )y erel T

M) 1t %)
ALY AL PP

AR el F-AJP

EBFP BRI +B(K2)
BBV -RO12)
QIF=07E1) 1BK3)

CHePot -8 3)

Gtk ~LILDRIP
BIF«CLP-RIP

IF rsH.LT.e) GO TO 450
Al P ik M-0 34
sk Bl I8

BLP =EKI1AJH

Bl HM=BrH=-OIM

IF (31.EQ.N.09 GO TO 460
ACE L) =ARkPC 1 -BEPAST

Bl 1) »AKP¥S1+BRP#C
AL2) sAJPAC2-BIP4S2
N2y ~AJPAS24BIPHC2
HOEZ)Y =l 10 3-BEMES3
BOES Al HES3HBRIMCS
Kol 34 SPAH

IF (KK.LE.HT) GO TO 420
C2oCl=CCDAC L +SDAS])
S1e(SDH1~-CDKS1)+51
Ci=C2

ConC |Hrk2=5 | vop2
G2e2,0%C1AS]
C3=C24C1~52 481
SIaC24514+624C )

F kK <~NT+JC ’
IF (LK.LE.KSPAN) GO TO 428
Elwbk =K SPANYTHC

IF (KK.LE, JCY GO TO 410
IF (FSPAtLEQ,JC) BN TO 800
60 TD 160

Al P =l 4B IH

nbt=AkH-8J01

ELFP=LIH-aJM

Bl =R H+R.IM

IF (51.HE.O.D) GO TO 430
Ak 1) =REP

BCK1) =BKP

A=A TP

grizv=gIP

A Srspli

B3 =011

(T R TR ¥ ]|

I tLELLELHTY GO TO o420
GO TN 440

| HENCeYy

FEFHerSRAN

Figure A.26 (Continued)
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7hon
7in

720

-1
w
o

ga0

M

a2n

2z

(R RTTL  Na  A

) B T SN T T 3 IO
IF RO 6D gOn
b4

{2-1.0-Ch

SinGb

CleC?

22vol

bhiwid -+ 2PAN

NIETITA NI

P S 2 =S 20 CRE)
By tal L)

Vs EaksPRI

1F CLELLENTY 50 TO 730
Nk eS 1452

S2eG1VC2+L 1452

2«0 )4C2-AK

i eb b =HTHKSPRN

IF (1), LF . KSFHM) GO TO 730
C2=C1-(CDICI+ED*S5 1)
C1a51+(SDAC1-CDH5T)

¥ =tk -125PHHA-JC

IF ¢l LE.I'5PAN GO TO 728
L EsF - KSPAN+JC+THC

IF (1K L.LE,JC+JC) GO TO 710
G0 T 108

HP (1) kS

IF T .ER.0) GO TO 830
Foek T+ T

1F (M.LT.K) KeK=l

J=d

HEU41)=JC

HR I+ Y ulIP LI ZHFACCT)
HP = IPCE+1)#NFAC (D)
RENE 3]

Fak=1

IF ¢LLT.K) GO TO 810
k3P () +1) .
ESERAN=NIP ()

V= 104+]

F2eh SPAH+]

J=1 ’

wik = RED

MO =Ak2)

ALK =Ak

gl =8Cki

Rk =RK2)

B2 =0k

Pl K+ THE

P2l aPaNH 2

1F 2, LT, L8 G0 TN 8203
§ 2 2-HP L JD)

EERED|

E2eHPC T b 42

Figure A.26 (Continued)
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LT

IF (F2.GT.HROY )Y L0 TO ’21
1«1
840 IF b Th2) 0 T 620
Bicsh ke
k2 S N4 2
IF (k2.LT.I'S) GO T e40
IF ,LT.KS) GO TO 830
JC=k3
290 IFC2T+1,GE.H) RETURN
SPHH=HP (KT+1)
InM=ET
HFAC (T 1Y =]
900  HFACLI) =HFACCI I HHFACCI+1)
JuJ~1
IF (JLHE.KT) GO TO sn@
ETuk T4
HiHF AL LKTY = :
’ IF (MM.GY. 1P GD TO 998
JInQ
J=0
G0 TO %06
. 902 JInJJ-K2
K2 »kK
KelZ41
KICsHMFAC LK)
and  JI=KK+JJy
IF (JJ.GE,K2) GO TO 902
HP(JY=JJ
906 F2=HFACCKT:
KoK T+l
kK =HFAC C(K)
JaJ+1
IF (J,LE.NN) GO TO S84
J=8
GO 70 914
910  k=KK
K wsHPCK)
HP (1)) n=kK
IF (LK HE.J) GO TO 910
3=k
914  JaJ+
kE=tPCTY -
1F CLE,LT,0) GO TO 914
IF (KK,HE.J) GO TO 910
HP(J)m=] .
1IF (J.HE.HM)Y GO TO 914
M F ek INC
GO0 TO 950
- 924 JuJ-|
) ! 1F CHRCDLLT.O) GO TN 924
‘ \ 11=0
FaPntlet)
i I 31 ETHAME D KSFAHSHANF
111 I-15PRN

T s P i

B

St O T

el
[
L1

T T A

A T

ST

Tt

Figure A.26 (Continued)
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IF (JJJE.® oo TO 926 '
) . 1F (1LHEL D to0 TO 924
. gsg  JeK3+1
f NT-HT-KSPHN
R - 11sHT-TNC+]
% : IFIT.GE.®) GO0 TO 924
y RETURH
3 gog  15t=9

ezl
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X EHD
x SUBPOUTINE PEALTRCA, BN, 1SN
N DTENGION A1) ,BCD .
' pEAL IH
= 1RRS (15D
NI =H FTHE+2
FIH s 72 ,
2 %D-Z.nrRTRH(1.0)/FL09T(N)
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: Sii=a.0
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Figure A.26 (Continued)
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' C #+FPLAYS BACK. GEHEPATED SHAPTH0TS OF HF CHANHCL FOR PLYSCFITHIS IS
C #1THE QVEFLIY VERSION
COMPIN -OVE - Y IOTTML ZOTES) , A7 T L HIDS T . (25%)
COMRINE- il -1 1, 1CSDR. 10, 1P, IFNIQ. IPHIOL. IFNIR2. ISET. I0P 1. [K, I
PIHENS IOH POOSIM ,
a PHHENS IV FOFE(2N48)
- EQUIVHLENCE (H(2) ,P(1))
IPHIQ= IO KIPH
IPHIOL = IFIHIO+IPN
IPHINZ=IPNIQ1+IPH
I0P1n]0+] .
SIPND4s1,0- (4. 0+FLOAT ¢ IPN+1) %768, )
IFIL=10000
CALL LOADC*LAG* . 1. 1ER)
CALL SETFIL (1.’PMSEQT.DAT’. IERR."DK’.®)
DEFINE FILE 1C1.1540.U. IVAR)
CALL SETFIL (2.*HFSII3.DAT’, IERR. “MT*.0)
CALL SETFIL (3.°TESTD.DAT’. IERR.’DK*.0)
CoLl WalT
IFCIER.EQ.MGD TO 20
1JKII=* 100000
_ GO TO 80
[ 20 CALL LAGINTCI0. IPN.H)
DD 70 =1L IFIL.2
10 7O IXyel.2
1JEMe IR +130v= 1
CALL STASHCIJKM, 1CSDR)Y
[VAR =
CALL LOALC*SURL,D. [ER)
IFCIER.EQ.B)GO TO 25
1SET="20000
GO TO 30
25 CALL SURICIVARY
IFC(15ET.NE.P)GO TO 80
CALL LOAD(’FRTOVR®.B, JER)
IFCIER.EN.0)GO TO 30
1SET="40000
&0 TO 80
30 LaLL FFTOWR , ¥
CALL LOADC’5UB2%.0. IER) g
IFCIER.EQ.DIGO TO 35 : 7
ISET="£0000

GO TO 80
35 CALL SLUBZ2CSIPND) - g
b CONT IMUE .
8)  END FILE 2 . . i
END FILE 2 ' A

EHD FILE |

TIKN=e LIEMETSET

CAaLL STASHUIJIKM. ICSDR)

EHD

pLOCK ATA

COHEIONL VP PCTT0) L T RFESY  LDP M L HINS51 1), 4025%)

AR DAL T JCSDR 0. TPHL TPHTOL TPHIOT . TRUIN2L JSET, 1OR L. TR, 10y

pATaE YL 153500, 000
ATy 11 iCsDR, 10, TPH. ISET/~ 1. *ITF570.2,2585.0/
EH

Figure A.27 PLYOVR
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. SHEFNMITINE LDV IVAR) .
[ COMNII L OV VLTV 2 COFES ), WA DY L HDS 1), ¥(755)
COMTL DRVAL 11, TUSIE. 10, IPHL TR0, TPHT0T. TPHI2, 1SET, 10P 1, 1K, 10
COLWLED YO oSy L 2as)
{- ENUIVALENCE €0 11, YE 1), CUCH L WCCED)

FEADC L IVAR.THNeR) Y
FEAD 2 ERD R W

Do 2 11,389 -

2. RSP AR PRTE A P} ;
RETURH E

3 16E T+ * 4000 :
FETUPH !

6 15E T " 10000 B
FETURN ;

UMD §

|

Figure A.28 SUBl (For PLYOVR)

SURFOUTINE FFTOVR : )

COFHIN OV 0P T . 2 (0PES) L, LItBPTEY L H(D511).,506235)

CALL REALIR(YCD . Y(2), 304, =2) .
. CHLL FETCCCOD) LY 02),204d, 204, 304, ~2) . : :
] FETLIMH o
i END L
i . . [
; [y P
4 k]
v ‘
it “
ﬁk{ . Figure A.29 FFTOVR (For PLYOVR) 3

e——

A-51




5 U BT AV CRI S S INTIINE
. ( (AR T A N R F AR I SR S R S i P s DI RN S LCTR I I R SR L |

CORWE ecnd - T TCAPRL To RN, TRHIDG TEHTOL . TR0 1SETD IR 1. TEY : v
fepw e i oS :
r (MU AT RN IR TS A D)
. 11 P Yy 10 Y
o111
N IFLIT LT IR GO 10 54
i Lo 32 121 1PHTO
32 (AT A TR P O 4201+ T TY)
LGN T 32 :
KR flavirngng- 11
DO s 11714 g
3% S RN RN R LRI R E ST N D) - i]
HIZalpiinz-111 ]
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it LU R I i ]| .
Fldel4] i

iy 2O =20 LD 43 1PHD S ]
IFCIELLT, IOP DGO TO A4S :
IFCR Y JE, DGO TO 43 . 3
Do ot 1«1, 1PN i
41 NS PERIN EA R D! : ' 1

0 T 45 .
43 METTECIH CArY, Jut, 1PN, (2CI+1T D, It TP i
45 PO SO 1=1.1PH
il U111 =00

RETURH

EHD

Figure A.30 SUB2 (For PLYOVR)

PRI S POPTE S PSRt S

1

. |

g

JSIAME LRG F

Al IR PLYDVR/CC~EPRF-CHPLIB-FTNLIB K
B FLTR LAG-LAG1I-FTHL B

e JUTR SR -FTHLTE . ) 5
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f e slnt e THL R i g
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. LD :

Figure A.31 Overlay Descriptor PLYOVR.ODL
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DIMENSION %(512).Y(512),NAME(S)
! DATH NAME/3w*  *,* D', *AT*/
WRITE (6,308)
. REAN (A, 40R) (HAME (1), 1], 3)
I WR1TE (6,200)
PEAD(A, 100) IREC
END FILE ©
o END FILE 6
| CALL SETFIL (1, NAIE, IERR, *HT*,©)
PO 10 l=1. IREC ,
READ (1) (R(J), J=1,255)
18 RERD(1)(Y()),J=1,255)
END FILE 1 _
WRITE(S,500) (X(J), Ja1,255)
WRITE(S,500) (Y(J).J=1.255)
DO 15 1=1,255
15 Y(Da-v(D
CALL FFTCX.Y,512,512,512, 1)
PO 20 1=1,512
20 PUOPLIGASPE L -L0 4@ PR 2 <) R 218
CALL SETFILCL, *FFT255.DAT”, IERR, * DK, )
LRITEC1)X 3
EMD FILE 1
WRITE (5, 500) % ,
100 FORIAT(IS) :
200 FORMATC" ENTER RECORD NO.’/)
300 FORMATC(” ENTER NAME OF INPUT DATA FILE’)

400 FURMIAT(ZA2) |
508 FORMAT(IX, 10E12,4)
END

.
WEWSE T

Figure A.32 CHFFT

N R Rt P

A-53 ;




‘. DIMENSION %(513),Y(513)
‘ " DATA MHIN. XA, YHIN. YNAX-B, . 1,,-60,, 10,/
IRTA XS12E,YSIZE/6..7./
CALL SETFIL(1,’FFT255.DAT*, [ERR. *DK*.0)
. READC1) (X(1), [=1,512)
g END FILE 1
. : SHAXe0.
. DO S 1+1.512
i X(1) 20, 4ALOGIB(XC(1))
- s IF (XC1) . GT. SHAX) SMANXC 1)
' DO 7 I=1.513
Y(1)sFLOAT(1-1) /812,
KD =R 1) =SHAX
7 IF (4(1) LT, ~60,)X( 1) ==68,
X(513) =X (1)
Sm (MAX=-Y1IN) /XS 1ZE
D'Y= (V1 R=YMIN) /YS 1 2E

SARG =Y MIN/DX
L. VARG = YHIN/DY ' . ‘
: CALL MODE(2,X312E.0,,1.5) &
CALL NODE (s, Y3 IZE.0.,1.5) ' 3

CALL MODE (8. >MIN, DX, XARG)
CALL MODE (9. YMIN, DY, YARG) }
CALL DRAWICYC(1).X(1),513,441) ;
YSIZE1=XS 1ZE+.S .
_ YSIZE1=YSIZE+,S
CALL MODE(2,XSIZ2EL1,~.75.1.9)
) CALL MODE(3.YS12ELl,-,75.1.5) . i
g . CALL IODE (8, X1MIN.DX.8,) g
L. CALL MODE(9,YMIN,DY.Q,) i
3 CALL MODE(T.YSIZE,YSIZE,9999,) ' B
- CALL FXESCET, 1. FREOUENCY NORMALIZED TO SAMPLING RATE’.23.1, MAGNI . “
k. ITUDE PESPOMSE ¢DEY ™)
- CALL 1IDDECE, SMIN, DX, XS 1ZED
, CALL FODECS, VMINLDY. ¥YS1ZED
- CALL AYES(D, 1. "X .0,1,*Y")

= .

PO I

CQLL DRHM(O..U..l.SBOG) é

CaLL VERS(D.O) ¥

EHD 4

-‘f

- J
3 ! 3
‘. L] 1 .‘-
X ' %
.- \ “
: , A
Figure A.33 PLOTCH B
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